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1. 
GENERAL INTRODUCTION 
I Iportanoe of Molecular Interactions 
Polysaccharides function as energy reserves, antigens and structural 
materials. The structural role is the least understood at present and 
includes many of the more complex polysacoharides; it is the purpoae of 
this thesis to consider their structural role in plants. Ideas about the 
structural role of polysaooharidea in bacterial cell walls (Martin 1966) and 
animal connective tissue (Schubert 1966) are begm(ig to develop and will 
be referred to later. In plant cell walls, however, where the chemical 
structure of the polysaccharides is different, ideas are less advanced 
especially relating to non-cellulose poly.aocharidea. In this thesis, an 
attempt has been made to develop methods for the physical, and to some 
extent chemical, characterisation of the polysaooharidan from mustard 
cotyledon cell wall, as some work had been done previously on this system 
in this laboratory. A preliminary attempt has also been made to assess 
some of the intermolecular forces between matrix pol.y.acobarides which might 
be biologically important. In this introduction, interactions between 
polysaccharides are discussed in general because this background will be 
aaeful for the more specific considerations which follow. 
Cellulose miorofibrile give a visible framework to most cell walls 
(Roelofeen 1959) but other polysaoohsrides which form a structureless 
:atrix around the miorofibrils probably also contribute to the visco-elastic 
(i.e. flexible, shook-absorbing) protective and water retentive properties. 
ellulo.e chains are packed in crystalline miorofibrils which are woven 
2, 
the polysacoharidea are held to this cellulose framework or to each other, 
but in seeking to explain the overall viaco-e].astic properties of the wall, 
the properties of the total assembly of chain must be considered. 
Although the primary structures of many cell wall polysacobarides are now 
known, at least in outline, we can only speculate about how they are held 
together. The beat k vitro analogy, at least for young walls which have 
a high water content, would seem to be polyeaooharide gels • The most 
important class of matrix polyaaocha.rides in young cell walls are the 
pectic substances which are noted (and commercially useful) for their 
gel forming abilities; it is possible that the chain R are held together 
in the cell wall by forces which are similar to those which give 
structures to these aqueous gels. A particularly striking in vitro 
polyBacoharide gel is the agar gel which can contain up to 99% water, 
and still retain its shape. It can be melted by heating and will reset 
on cooling, indicating that the interactions are temporary. If these 
interactions hold polysaccharides in the plant cell wa]l together, the 
situation is quite different from that of the bacterial cell wall which 
has a very strong oovalentl.y bonded structure (Martin 1966) giving the 
cell good protection against osmotic damage, the bonds presumably being 
broken and reformed metabolically as the can grows • In the young plant 
cell hTrcrr, t:rory in.teretion ft the wall could conceivably be an 11 
ardare 
 
in 	lastic ;trcture mieh could be stretched smoothly by 
'ossure from within the cell to give a controlled rate of growth without 
.uplioated metabolic alteration of the wall. The most widely held 
'eox'y of plant cell enlargement at the present time (Wilson 1964) is 
J.L 	 CrC 
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turgor pressure. 
As would be expected, there is a parallel between the age of a plant 
cell and the flexibility of the wall. In a young cell the walls have a 
loose arrangement of rniorofibrile and a high water content, making them 
soft and pliable, whereas an old cell has thick walls containing more 
cellulose and less water and is much more rigid. 
In mmzls, the structure giving function is not attributed to cell 
walls but to specialised tissue such as connective tissue in the form of 
skin, cartilage and bone. Each tissue has a capacity for stretching and 
compression which matches its specialised function. The main components 
are often the fibrous protein collagen and the so called 
protein—polysaccharides which consist of pol.ypeptide backbones to which are 
attached covalently many polysacoharide chains (Rees 19659 1967). There 
is variation in the chemical structure of the polyaaccharide chain from one 
tissue to another but the dependence of the role of these 
protein—polysaooharides on detailed chemical structure is supported by the 
process of a&ng. At birth, the polysaccharide consists mainly of 
ohondroitin 4—sulphate whereas in the adult it is present as the 6—sulphate. 
The amount of ohondroitin sulphate decreases with age and is replaced by 
units similar to keratan sulphate. The ohondroitin sulphates are found 
in the rubbery type of connective tissue (e.g. cartilage) while the keratan 
sulphates are normally responsible for more inflexible tissue (e.g. cornea). 
In order to understand how polysacoharides produce these effects in 
', it is necessary to discover the kind and 'unber of 'cross 
between them. (Cross linkage in thi: context means any form of 
:cu1ar cohesion). The theory of gelation (Flory 1953) proposes that 
4 . 
cross linkage extends throughout a polymer containing system if each 
molecule is involved in two or more cross links and this is assumed to 
hold for all the examples of interaction quoted. 
II Physical Evidence for Interaction between Polyeaooharjd.e Chains 
This thesis is concerned with the properties of young plant cell 
walls and it would be useful to examine initially some of the possible 
cross linkages which might occur between polysacoharides. 
1. Covalent 
Most bacteria provide examples of cell walls with properties 
regulated by the covalent cross linkage  of the structural chains 
(Martin 1966). The cell wall is rigid and strong and this is due to the 
component murein. The main chain of this polysaccharide consists of 
0-1,4 linked 2-acetamido-2-deoxy-D..glucose units with each alternate one 
modified by ether linkage to lactic acid to give mu.ramic acid. This is 
the unit at which cross linkage between two murein paina or parts of the 
same marein chain, occurs. The cross links are provided by peptide 
chains linked to the muramio acid through an L-a1anne residue, any two of 
these chains being in turn joined together by a diaznl-no acid (see fig. L) 
• g. diaminopimelic acid in the case of Esoheriohia coli. The wall is 
.'Lid because the poacoharidea are tied together colently which 
li.ows very little possibility for stretching or rearrangement as would 
rosjb1e If the bonds were of a weaker nature. 
Fig. i Covalent Cross Linkage 
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Entanglement in a phenomenon seen in many types of synthetic and 
natural polymers of sufficiently high molecular weight. There is no 
precise molecular picture of an 'entanglement coupling'; the concept is 
used to explain non-Newtonian viscosity and the relaxation properties of 
extended polymeric fibres. It does not however, apply to short range 
molecular entwining which must exist in all polymeric systems regardless of 
length. Molecular entanglements are probably the result of long range 
interlooping (Bueohe 1957) of two polymers rather than abort range 'kinfr(ng' 
(se. fig. Li.) (Ferry 1967). This seems likely as the presence of bulky 
side groups does not markedly inhibit entanglement (Saunders 	1959). 
It is known that protein-pol.yaacoharidea have very extended chain 
conformations in solutions and the gel formation which occurs in 
concentrated solutions is most easily explained (Laurent 1966) in terms of 
each chain being forced to pass through the domain of others, with the 
result that many entanglement couplings are formed. The contribution of 
the polysacobaride chain R to the overall viaoo-elastia properties of the 
tissue is also explained convincingly in terms of interactions between 
molecules through entanglement couplings. For example, the chains in 
nasal cartilage are polypeptides with polyaaooharide aide chain 
(ohondroitin 4-sulphate) (Schubert 1966, Rees 1965) which must have 
considerable rigidity as there is electrostatic repulsion between the 
negatively charged aide chains. In aynovial fluid however, the chains are 
h.yaluronio acid, a long, relatively unbranohed polyaaooharide with a very 
expanded random coil structure. The viaoo-elastic properties of eynoviaJ. 
'laid-.r€ r'ch zc'.cr I ku. toe of  
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them is probably caused by a difference in the rigidity of the polymer 
chain. 
3. Miorocryatallites (Colloid Science 1949) 
Cross linkage of polysaccharide chains can also occur through 
crystallites, in which parts of different chains come together in regions 
Of local eryatallinity. These regions may be short compared to the chain 
length. The classic example of a crystallite gel is regenerated cellulose 
(Beebe et al 1966) in which the glucose chains bind together so successfully 
that fibres are formed. However the substitution of oarboxnnetby1 groups 
at hydroxyl groups in the 1>-glucose rings gives cellulose entirely 
different properties, When carboxymethylation is carried out, it occurs 
at the most accessible point; there are tightly crystalline regions which 
are completely inaccessible and do not react and it is these which survive 
to act as cross linkage points, The unbound carboxymethylated cellulose 
chain in separate fibres are available for entanglement and it is probable 
that the visco-elastic properties of oarboxynietbyl cellulose are caused by 
a combination of entanglement and crystallite cross linking (see fig.L(L). 
As has been shown for cellulose, minor modification to the chain 
unite can result in different properties of the crystallite gel. Pectin, 
in which the main unit is metbyl-D-galaoturonate, forms a gel which melts on 
heating and resets on cooling. These gels can be weakened, or prevented 
from setting altogether, by the introduction of methyl or aoetyl groups 
into the galactose ring. Side chains or the presence of L-rhaznnose in the 
main chain, also prevent gel formation. Gel formation of this sort which 
is so sensitive to substitution is not explicable in terms of entanglement; 
Fig. ii Etaziglement 
Short range local kinking 
	 Long range interlooping 
Fig. iii Interactions in carboxymethyl cellulose 
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instead it in the introduction of theee irregularities into the crystalline 
regions which prevents the close fit between the chains that is required 
for 'crystallization' (gel formation). 
4. Ib'drophobip Interactions 
The effects of hydrophobic interactions are normally considered in 
relation to proteins where they account for some of the tertiary structural 
cross links (.v1n1w 19 	Tanford 1962, Nemethy and Soheraga 1962). The 
three dimensional structures of the proteins myoglobin, lysozyme and 
chymotrypain (obtained from X-ray data) show them to be folded in such a way 
that contact between non-polar groups and water is minimised when they are 
in solution. 
Hydrophobic interaction is a result of non-polar groups attempting to 
reduce their contact with water. The formation of hydrophobic bonds is 
favoured only because of an entropy effect; the water molecules become more 
ordered around exposed non-polar groups on the polymer chain (Nemethy 19 67). 
When the hydrophobic bond is formed, the total amount of order decreases, 
resulting in a favourable entropy and free energy of formation. 
Addition of compounds like urea and guanidine hydrochloride is 
suggested to reduce the ability of water molecules to hydrogen bond 
together and therefore the amount of 'ordered water' around a non-polar 
group (Prank and Pranks in Neinethy 1967). This consequently reduces the 
strength of the hydrophobic bond and in practice results in protein 
denaturation as that pert of its tertiary structure is lost. The strength 
of a hydrophobic bond increases with increasing temperature as it is an 
entropy dominated process, i.e. P AS increases in the equation for the free 
8. 
energy of the system LG • A R - TL 6 (eaethy and Scherega 1962). 
The gelation of methyl cellulose (Neely 1962) as temperature increases 
can be reinterpreted as hydrophobic bonding. Methyl cellulose is 
methylated heterogeneously, i... the distribution of methyl groups is at 
least partly determined by aocessibiuty, so there are regions of fully 
methylated glucose units and regions of partially methylated ones. The 
fully methylated regions tend to be insoluble in water and gelation results 
from the aggregation of these regions as temperature is increased. This 
confirms that the process is entropy dominated and therefore that it 1s 
caused by hydrophobic bonding. 
5. Electrostatic Interactions 
Cross links between chains of polymers may be formed by the 
electrostatic attraction of oppositely charged groups. This usually does 
not lead to gel formation but to a general increase in molecular weight by 
aggregation. It may however, assist in gelation primarily caused by some 
other form of interaction. Association between ion—pairs has been reported 
(Erdi and Moraweta 1964) for the univalent cation salts of oarborl groups 
on polystyrene oontln4ng email amounts (about 4 mole %) of methyl 
methacrylate, in benzene/methanol (90/10) solution. Complex formation, 
possibly chelation, with barium ions produced notably more association than 
did sodium ions • Similar observations have been made with polysacoharidea 
(Greenwood and Matheson 1956); examination by ultracentrifugation of a 
solution of the plant gum Thaya grandifolia (47% uronic acid) containing 
sodium chloride and calcium ions showed a considerable increase in 
molecular weight over that of a salt free solution. 
9 . 
Plant Cell Walls 
The matrix material surrounding the cellulose miorofibri].s in plant 
cell, walls is composed of three in{n types :- 
Pectin substances which are assumed to be the main constituents in young 
walls  and may be either neutral polysacoharides, such as azabane (Hirst 
et a]. 1965) or, more commonly, galaoturonena with various neutral side 
chains (Aspirfl and Fanebawe 1961), 
Hent cellulose material, laid down as the cell ages and contributing to 
the thickening of the wail. It consists of essentially neutral 
polysaccharides with main chains of zylose or mnnoee (Aspinall 1959) 
but can contain g]uoos., arabinose and g].ucuronio acid as well. 
Liin not found in growing 0*118 but appears in mature tissue as 
cementing material (Boelofien 1959). 
The pectic substances are of most importance In many young plant cell 
walls, as they predominate. They are being examined at present to try to 
find the types of molecular interaction which give the young cell wall its 
flexibility and other properties • The possible nature of the association 
between pectic molecules in the cell wail is suggested by the gels that 
these substances form & vitro. Such gels contain a network of 
macromolecules, that is, cross linked at various points. The number of 
cross linkages need only be small, provided they are strong enough to 
withstand disruptive forces such as osmosis and coulombic repulsions. The 
presence of repulsive forces is necessary if the gel is to exist in a swollen 
state. 
Before discussing possible reactions of the pectic substances, it is 
11. 
presumably because it breaks at least one type of cross 1-ink between the 
polysacoharides, thus rendering them soluble. Polysaccharides extracted 
by this method are usually water soluble and can be precipitated by 
conversion to the calcium salt. Jansen at a]. (1960) have shown that the 
calcium binding capacity of the walls of Avena oo].eoptile cells is that to 
be expected from their carboxyl content • This suggests that calcium may 
be naturally bound to po].yaaooharides by the electrostatic attraction of 
the carboxyl groups, perhaps with some coordination by sugar hydroxyl 
groups. If cations were shared by two or more ohiLins,  this would lead to 
cross linkage, however in the natural state only about 20) of the carboxyl 
groups are typically available in the form of the salt, showing that binding 
by purely electrostatic forces is insufficient. 
Complex formation between salts and various neutral monosaccharides 
has been examined (Randleman 1966) and it was concluded that the complexes 
were produced by chelation of the mono-. or di-valent cations to the hydroxyl 
groups of the sugar. It eaeina likely that some mechanism of this sort 
occurs in polysacobaridee as changes to the sugar residue, e.g. 0-acety1atioz, 
other than to the carboxyl group, profoundly alter the gelling properties 
of calcium pectate (Schweiger 1964). 
As mentioned earlier, temporary interactions in the young plant cell 
wall could be an advantage during cell expansion as the wail structure could 
be stretched smoothly and without the need for complicated metabolic 
processes. The nature of these temporary interactions is not clear but 
the classical theory is that purely electrostatic binding of calcium is 
responsible. This is unl(cely because little of the pectin is in the free 
acid- form mmd aloo because electrostatic forces do not occi.i. 
12. 
positions; however, some form of association with calcium is probable as 
E]Y2A is so successful as an extracting agent. The biological evidence 
(Wilson 1964) does not support the view that calcium concentration alone 
is responsible for controlling the flexibility of the wall and one or more 




APPLICATIONS OF  UT/PRACENTRIFUGATION AND FREE BOUNDARY ELWQTROPHORESIS TO 
CHARACTERISATION OF COMPLEX ACIDIC POLYSACCHARTI) 
Introduction 
I4TmTitnation of polyaaocharittsi has been traditionally carried out using 
organic chemical techniques but information about po],ydjapersjty* obtained 
in this way is often inconclusive. There are two main problems in 
obtainl ng 'homogeneous' polysaoohsride samples; firstly, a complete mild 
extraction procedure is needed and secondly, it is necessary to separate 
the mixture of po]y.aooharidaa usually obtained by extraction. The 
polysaccharides present in a plant tissue are usually examined for 
polydiapersity by a fractionation procedure, e.g. :- 
Graded extraction. The use of progressively harsher methods of 
extraction will yield fractions of differing composition. 
Fractional precipitation. The gradual addition of a non-solvent to 
aqueous solutions of the extract may also cause fractionation although 
co-precipitation and the occlusion of other polysaccharides is very 
likely. More satisfactory results are sometimes obtained by 
precipitation of the extract in a cellulose column and elution of the 
po]ysaooharides by changing the composition of the solvent (Gardell 1965). 
Fractional precipitation can also be achieved by the addition of 
The ters 'polydispersity' denotes a polymer system containing more than one 
component while 'po]ynioleou]ar' is used to describe a homogeneous polymer 
haying a variation in molecular weight, 
15. 
be discussed here. These can be used for separation purposes but normal].y 
the yields obtained are small, however they are well suited to the 
examination of already separated material for polydispersity. Gross 
differences in physical properties, i.e. molecular weight for 
ultracentrifugation and mss/charge ratio for eleotrophoresis, are required 
for separation of two components but might not be encountered as a 
particular extraction procedure is likely to yield polyaaoobaxidee with 
similar properties. 
Ultracentrifugat ion 
If the molecular weight of a polysaccharide In solution is 
sufficiently large, sedimentation occurs in a force-field. The number of 
peaks produced in the sohLteren pattern ideally corresponds to the number 
of components in the mixture, however, if two components only differ slightly 
in molecular weight only one peak will be produced (Adams 1961). In a 
polymoleoular system, the area under the achlieren peak in proportional to 
the concentration of the polyoaccharide solution present. However, in 
multicomponent systems, the slower peak gains in area at the expense of the 
faster (Joimnat one and Ogaton 1946). The relative amounts of components 
cannot therefore be measured from the ratio of the areas under the peaks. 
The sedimentation coefficients (a aieaaure of the velocity of sedimentation) 
of polymolocular samples are also changed by the addition of other 
components (Barrington and Soheohm 1953) but this does not invalidate 
comparisons of simil ar mixtures of polysacoharidee, e.g. the products of 
different extraction procedures. 
A further complication is the possibility of aggregation of acidic 
16. 
polysacoharidea; this has been known to give completely erroneous values 
for sedimentation coefficients (Greenwood and Matheson 1956 9 Tomf mtau 
st al 1959). 
Free Boida .Eaeotrophoresis 
This is an extremely useful technique for the detection of 
pol7d.iaperaity (Colvin et al 19529 Northoote  1954, Foster  1953, Preece and 
Kobkirk 1955, Lewis and Smith 1957). It is a more sensitive tool than 
ultracentrifugation as even slight differences in mass/charge ratio for 
polysaoobarides in a mu].ticomponent system will produce separate peaks in 
the echlieren pattern. Some neutral polysacoharides can be examined as 
they can be oonp1exed with borate buffer (Poster .st a). 1956) to give them 
a charge which will induce migration of the molecules in an electric 
fi.ld. 
The presence of only one peak in the sohlieren pattern does not prove 
that the polysacoharide is homogeneous and it is necessary to check the 
result by electrophoresis In other buffers and by ultrscentrifugation. 
(Even this is not a final proof). 
As for ultracentrifugation, the areas under the separate sohlieren 
peaks do not give the amounts of the components in amixturs as the 
refract iv. indices of the components may differ; however it does provide 
a rough guide. 
[7. 
Ex perimenta1 
1.1 lynnijnptjon of fractions extracted from soybean ooty1edoa by two 
different methods 
1.1.1 AAmination of PoInscobariden obtained by d.eprotejnjattjon with 
sodium hydroxide 
This was carried out by Dr. J.N.C. WIWte (1964) and ir. A. Hamilton 
(1964) who provided the samples for examination. The extraction was 
carried out as in fig. 1. 
Fig, 1 	 Fat free cotyledons 




Supernatant 	 Residue 
Extraction with E]YV ( 2%) 
Superx&atent 	 Residue 
Adjust to pH 4.5 
	
Superatant (soluble fraction (s) 	Residue (protein) 
precipitated by ethanol) 
DM oelluloeehrornato'aphy 	 Copper aoetatefractionation 
High uronlo acid Low uionie acid 	High uronic acid Low uOnio acid 
content (112) 	content (12) 	content (Hi) 	content (Li) 
shown in the chart, two fractionation procedures were attempted 
for uoparaticn of the major components of the soluble fraction (s), The 
products were exariined by free boundary e1ectrophoreni and ultracontrifugation. 
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3.1.2 Fractionation by ouprio acetate 
Method Free boundary eleotrophoresie 
NO I Of 
Fraction Buffer Peaks 
 S (Plate 1) Sodium tetraborate 2 
 L1 (Plate 2) " 2 
3, Hi 2 
4 • S (Plate 3) Sodium phosphate 1 
 L1  (Plate 4) " 1 
 Hi " 1 








Fraction 	Rafor 	Conditions 	No, of Peaks 
U (Plate 5)  E]YA (2%) 	U0,000g 
	
2 
Bi (Plate 5) 	 to 
	
2 
The reason for the low value for the mobility of unfractionated S is 
not clear but is probably due to a higher degree of esterification in the 
=fractionated material. The results show clearly that fractionation was 
incomplete as the fraction Li contained a considerable amount of acidic 
material. The proportions of the two peaks in the ultracentrifugal 
analysis of Hi and Li were different indicating that each fraction was 
enriched in one component. 
Preparative free boundary electrophoresis of a solution (0.5,) of 
PLATE 1 
Sample 	S 
Time : 100 mm. 
PLATE 2 
Sample 	Li 
Time : 100 min. 
PLATE 3 
Sample : S 
Ti 	70 mm. 
PLATE 4 
Sample 	Li 
Time : 45 min. 
PLATE 
Top 	Hi 
Bottom : Li 
Time : 92 min. 
/ 
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fraction Li (Plate 6) was carried out in a sodium phosphate buffer. After 
91 minutes, a good separation had been achieved and a sample of the acidic 
peak was withdrawn from the right arm of the U-tube; a similar sample of 
the neutral peak was withdrawn from the left arm. These solutions were 
dialysed and freeze dried, about 5mg of each sample being obtained. The 
uronic acid and total carbohydrate content of solutions of these samples 
were then measured using the carbazole and phenol sulphuric acid methods 
and these results were compared with those obtained for the original 
solutions (see Table 1), 
Table 1 
Sample 	 Uronic Acid Content 
Li 	 55. 
111 	 58.6% 
Stationary peak 	 23.1% 
Mobile Peak 	 95.0 
1.1.3 Fractionation by DEA.E cellulose ooluimi (sodium Phosphate buffer PH 6.1) 
This work was carried out by Dr. JJ.C. Whyte, 1964. 
Method Free boundary electrophoresis 
No, of 
Fraction 	Buffer 	 Peaks 	Mobility -(x l(øcm2Js/v) 
L2 (Plate 7) Sodium tetraborate 	1 	 2.1 
H2 (Plate 8) 	11 	 1 	 6,3 
Preotion H2 above was one of two major acidic components (the other 
acidic fraction, not mentioned in the table, had a lower mobility), The 
20. 
samples appeared to be homogeneous and the calcium separation is therefore 
more satisfactory than the euprio acetate fractionation. 
1.1.4 1aniintion of polyaaooharides obtained by deprotejnjsatjon with 
phenoacetio acid/water (Bagdaaarian et a). 1964) 
A small scale pilot extraction (SS) was carried out by 1h. I.N. Morrison 
(personal communication) and the subsequent large scale procedure by 
1k. R. Begbie (personal communication) (see fig. 2). 
Pig, 2 
Fat free cotyledons 
Phenol/acetic acid/water 
- 
Supernatant 	 Residue 
Swell with water 
Superzatant 	 Residue 
Successive extraction with EDTA 
EiY1A 1 	EA 2 	EDPA 3 	Residue 
(1st EDTA estraot) 
A simplified extraction scheme was carried out by Th. IL Begbie by 
stirring the fat free cotyledons with water and precipitating polysaccharide 
material by graded addition of ethanol from one to six volumes (fractions 
El to E6). 
21. 
Method Free boundary electrophoresis 	No, of 
	
Mobility 
Fraction 	 Buffer 	 Peaks tx 10 5cm21e/v) 
(Plate 9) 	Sodium tetraborate 	2 
	
4.9, 3.0 
.iiXiA 1 (and EDTA 3) 	" 	 to 	3 
	
6.0, 4.6 9 2.6 
(Plate 10) 
El (Plate U) 	 3 	6.6, 5.7, 2.3 
4, E6 (Plate 12) 	 2 	5.5, 2.9 
One can see from the above table and plates 9 and 10 that the 
extraction of acidic material was most successful using EIYIA after 
deproteinisation with phenol/acetic acid/water; the product was 
contaminated with only a small amount of neutral material. The neutral 
material was obtained as a major component after extraction with cold water 
(without deproteinisation) followed by fractional precipitation with 
ethanol. The first ethanol precipitate, El, contained least neutral 
polysaccharide and plate U shows clearly the presence of two acidic 
components, whereas the last ethanol precipitate, E6, contained mainly 
neutral and little acidic material. 
1,2 	injriation of polysacoharidea extracted from mustard cotyledon4 
1.2.1 Detroteiniaation and extraction of mustard cotyledons (Hirst et al 
1965) 
Pat free mustard cotyledons were extracted three times with E]fl?A 
(2%) and the pectic material obtained., deproteinised using phenol 
(Westphal et 	1952). This procedure was applied to the nongernirnted 
cotyledons by Dr. N.G. Richardson and to the germinated cotyledons by 
PLATE 7 
Sample : L2 
Time : 91 min. 
LATE 6 
Sample 	Li 





Sample : SS 
Time : 118 min.  
PLATE 10 
Sample : £UA 1 
Time : 100 miii. 
PLATE 1]. 
Sample 	El 
Time 	100 mm. 
22. 
Dr, c'ri 	Gould, TV 	L a 
Solutions (0.5%) of these extracts in sodium dihyd.rogen phosphate 
buffer (p1! 6.0 9 0.033)!) were examined by ultraoentrifugation at 110,000 g. 
Both samples produced similar sohlieren patterns showing two peaks; however, 
the faster peak in the extract (a) from the germinated cotyledons was 
slightly larger than in the extract (N) from the nongerminated cotyledons. 
Sedimentation coefficients for this oonoentration were measured z- 
S x 1013 
	
N - slow peak 	2.9 
fast peak 	8.9 
G - slow peak 	2.7 
fast peak 	9 1 1 
The corresponding peaks in N and G have very similar S values and the 
slight differences might be accounted for by the concentration dependence 
of one of the components. 
The samples N and C were then ex'nned by free boundary electrophoresis. 
No. of 
Fraction Buffer 	 Peaks Mobility (x 10'5om21g/y) 
N (Plate 13) Sodium phosphate 	1 6.1 
G (Plate l4) " 	 1 5.8 
N (Plate  Sodium tetraborate 	3 6.9, 5.3, 4.2 
C (Plate  3 6.3, 5.8 9 4.4 
1,2.2 Examination of aegating material discovered in C 
It was noticed that C showed a free boundary eleotrophoresia pattern 
with a highly mobile and very sharp peak which was opaque beyond the leading 
PLATE 12 
3ample 
Time 	106 iith. 
PLATE 13 
Sample 	N 
Time : 35 min. 
PLATE 14 
Sample : G 
Time 	35 min. 
PLATE 15 
Sample 	N 
Time 	102 mm. 
PLATE 16 
Sample 	G 





edge, suggesting the presence of a colloidal aggregate. The sample was 
centrifuged at 20 9 000 g to clarify it; this was only partially successful 
but on repeating the e1ctrophoresis in sodium phosphate buffer, the size and 
sharpness of the aggregate peak were considerably reduced (mobility 
unchanged). To check the possibility that calcium and/or magnesium ions 
had caused the formation of aggregates, electrophoresis was carried out 
in sodium tetraborate buffer oontnlnl-rig 2% EI1JA (N, Plate 17; G. Plate 18). 
Solutions (0.5%) of N and G in sodium chloride (0.15M) containing 
DTA (2%) were .,un4ned by ultracentrifugation at 110 9000 g (Plate 19). 
In both N and G the slower peak is enlarged on addition of EDTA. 
Solutions (25m1; 0 .5%) of N and G were prepared and centrifuged at 
20 9000 g for 11 hours. The supernatazit and aggregate were separated and 
the aggregate samples washed with distilled water and recentx'if'uged. 
Ultracentrifugation at 250 9000 g revealed the typical pattern of N and G 
for the supernatant (Plate 20) while the aggregate produced no peak at 
all, This means that either the concentration was too low or that the 
dissolved aggregate had too low a molecular weight to sediment at this 
fore.. 
A solution (10(u1; 0.5%) of C was centrifuged at 20 9 000 g for li hours 
and the supernatant was removed and freeze dried (yield a 200mg). This 
shows that there must have been about 60% by weight of aggregate in the 
original G sample. lLydrolyaia (45% formic acid) of aliquots of both 
aup.rnataz.t and aggregate fractions gave identical patterns on paper 
chromatography (solvent A). 
PLATE 18 
Siapi. : G (+ EU!A) 
Tia. : 102 .in. 
:7' 
PLATE 19* 
Top : C 
Bottom : C 
(+ RNA 
Tine : 26 am. 
FLATS 19b 
Top * i 
:Botto. 







Ti 	: 15 am. 
PLATE 21 
Sample 1 C 
(aggregate) 
Pi 	62 am. 
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i.e. 	galaoturonio acid glucose galaotose arabiziose xylos 
++ 	trace 	+ 	-14+ 	 ++ 
The strength of each sugar in indicated by $ 
- not present; + weak; ++ medium; 44+ strong; $ I t vry strong 
Ultraoentrifugation of the aggregate dissolved in EJYPA (2%)/sodium 
chloride (0.1511) at 187,000 g gave one slow moving peek (Plate 21 o.f. 
Plate 20). 
A long series of dialysis experiments were carried out on N and G 
dissolved in EI11A (2(). These clear solutions were subjected to 
prolonged dialysis against running tap water (the condition thought to 
cause the initial aggregation) and against distilled water containing 
C& ++ (35.350 p.p.in.), Ng" (17-.170 p.p.m.) or K" (3900 p.p.m.) or 
combinations of all three. It proved impossible to reconstitute the gel 
in any siiifioant amount, 
A typical experiment was as follows :- 
Samples (ig) of N and G were each suspended in water (50nl) and 
stirred for * hour; a solution (50il) of E11A (4%, pH 7.5) was added and 
the awaple immediately clarified. Phenol (ig) was added to sterilise the 
two solutions (a strain of BaoiUo Eggaterium was particularly troublesome 
throughout these dialysis experiments) and they were dialysed against 
running tap water for 17 days. They were then centrifuged at 20 9 000 g 
and the supernatant and the aggregate separately freeze dried and weighed. 
The proportion of material which was recovered in the precipitate (5.0% for 
N and 5.9% for a) was negligible. 
An experiment was carried out to determine the protein content of these 
25. 
samples s- 
Freeze dried 0 (90mg) was shaken with water (9inl)  for 3 hours and 
centrifuged (20,000 g) for j hour. The supernatant solution and 
precipitate were freeze dried and analysed for nitrogen by the Kjaldahl 
method (Belcher and Godbert 1954). 
Yield 
Aggregate 	344mg 	2.9 
Supernatant 	24.0mg 	1.1 
There was therefore significantly more protein in the aggregate 
fraotion. 
1.3 U].tracentrifugal examination of fractions obtained on attempted 
separation of the polysaooharidee present in mustard cotyledons 
before and after germination 
All oo1i fractionationa were carried out by Dr. S.E.B. Gould, 1965, 
1.5.1 Elution of N from a DEAE cellulose column by an increasing 
concentration of sodium dihydrogen phosphate buffer (pH 6,2) 
(a.. fig. 3) 
Aqueous solutions (1%) of the various fractions in sodium phosphate 
buffer (0.03N, pH 6.0) were examined in the ultracentrifuge at 2509000 g. 
Two fractions were examined at the same time so that direct comparisons 
could be made (a.. Plate 22). (This procedure was applied to all 
subsequent work on DEA.E cellulose column fractions). As can be seen from 
fig. 3, there were apparently three components in the mixture. This was 
born, out to a certain extent by the ultracentrifugal results, the three 
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components being X - a very slowly aedimenting neutral component, Y a 
faster aedimenting acidic component and Z a still Laster component. 
Fraction 	B 	C 	D 	B 	F 	B 	K 	It 	N 
Peak 	i i ++ 	- 	- 	- 	- 	- 	- 
Y 	- 	p 	4+ 	++ 	+ 	+ 	+ 	trace - 
Z 	- 	- 	- 	4+ 	+++ +4+ +44 	HH f 4+ 
Both X and Z were separated fairly well by the column but the major 
peak B to M is a mixture of Y and Z. As a result of this unsatisfactory 
separation of the acidic component Y. the fractionation was repeated using 
a different buffer. 
The eleotrophoreaie pattern of N (Plate 15)  seemed to indicate that there 
was too littie neutral component X present in the solution to produce a 
eohli.ren peak. 
1,3.2 	Repeat of 1,3.1 using sodiwa d.tbydrogen phosphate (pH. 6,2) containing 
urea (711) as an eluant 	(se. fig. 4) 
Fraction 	A 	D 	B 	P 	G 
Peak 	+4+ 	+ 	- 	- 	- 0. 
Y 	- 	4+4 	Ull + 	+ 	+ 
Z 	- 	- 	- 	+1-f 	lIlt 4+ 
Once again the neutral fraction X was obtained pure and also there 
was no clear separation of the components in the major peak. Fraction B 
corresponded to a sma.3 1 percentage (about 10%) of the total amount of 
material eluted from the column and so was of little value. 
VOLUME (LITRE) 
2 4 6 8 	10 
Elution Diagram of N. Sodium phosphate buffer containing ur 
(see 1,3 2) 
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Fig. 3 Elution Diagram of N. Sodium phosphate buffer (see 1.3.1) 
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1.3.3 Further attempted fractionatjon of N using a D14E cellulose column 
and sodium tetraborate (DII 9.2) as an eluant (see fig. 5) 
fraction 	A 	C 	E 	 .1 	L 
Peak 	-liii 	1114 	 - 	- 
Y 	 4-I 	1-HP 	+1-f 	Itt-I- 
Z 	- 	- 	+-H 	+ 	+ 	- 
The unuaal feature of the fractions from this column was that the two 
acidic components were eluted in reverse order to that predicted from the 
previous results. The column achieved no better separation than the 
previous ones. 
1.3.4 fractionation of G on a D1AE cellulose column using sodium bYdroezL 
phosphate and urea (7M) as An eluant (see fig. 6) 
Fraction 	B 	E 	F 	G 	H 	J 
Peak 	-  tiii 	+ 	 - 
Y 	- 	+4+ 	+4 	4-f 	4+ 
z - 	- 	- 	- 	+ 	- 
The pattern followed that of N in 1.3.2. The definition of the peaks 
in the soblieren pattern was very poor, and fraction Z did not appear in 
any quantity. In mobility and appearance the peak resembled the 
3-eliminated product from mustard pectin (see Chapter 4). It therefore 
ssns likely that breakdown by this path had occurred under the alkaline  
conditions of elution. 
Fig. 5 Elution Diagram of N. Sdoium tetraborate buffer (see 1.3.5) 
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VOLUME (LITRE) 
Fig. 6 Elution Diagram of C. Sodium phosphate buffer containing urea 
(see 1.3.4) 
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1.4 De-esterification of N and G 
It seemed possible that the difference (in eleotrophoretic mobility 
and in retention to DUE cellulose columns) between the two acidic peaks 
was due to a difference In degree of esterifloation. 
Solutions (lnl, 1.2%) of N and G in sodium hydroxide were stirred 
for 14 hours and allowed to stand for a further 10 hours. Then an a1iuot 
(lOini) of a solution of sodium hydroxide (ioci, O.]Ji) oontn.liiing boric acid 
(2.4759) was added to each solution. The solution was dia].ys.d against 
sodium tetraborate buffer (0.0514) for 2 days before free boundary 
eleotrophoresis. 
No. of 
Fraction 	Buffer 	 Peaks 	Nobility (x l(f'50m2JsJy) 
N (Plate 23) 	Sodium tetraborate 	2 	6.0, 4.5 
G (Plate 24) 	 3 	7.59 6.9, 4.6 
If these results are compared with those for the original N and G 
samples, it will be seen that the mobilities of all components have increased. 
The very fast peak (y - 6.9) in N (Plate 15) appears to have been reduced 
but the schliersn pattern In G is virtually unchanged. The presence of 
at least two acidic peaks in both samples after do-esterification indicates 
a more fundamental difference between the polyaacoha'ridea. 
.. 
LTI1 Bottom Fraction C Time 	30 pin. 
PLATE 22a 




	 Fraction E 
Time i 49 mm. 
PLATE 22b 




Top : Fraction H 
Bottom : Fraction M 
Tim. 	15 mm. 
PLATE 23 
Sample : N 
Time : 102 .in. 
PLATE 24 
Sample I C 
Time t 102 mm. 
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Discussion 
Although ultracentrifugation and free boundary eleotrophoresis have 
not been widely used in the study of pectic substances up to the present 
time, they have been used in this work to look for differences not 
detectable by conventional analysis. For example, it proved impossible 
to distinguish between the various acidic fractions obtained from 1A 
cellulose chromatography of mustard seed pectin by hydrolysis and paper 
chromatography but ultraoentrifugation showed at least two reoognieably 
different acidic polysaccharides which were partly separated on the 
column. This was confirmed by free boundary eleotrophoresis. 
Because these polysaccharides are so similar chemically, it in 
possible that they are degradation products, produced by alkaline 
3-elimination (Barrett and Northoote 1964) from the same parent molecule 
which was broken up during extraction. 3el(ndnation during the alkaline 
deproteinisation of soybean cotyledons (see Chapter 4) could account for 
the difference in the mobilities of the acidic components from those 
otitJ.rie.1 foi' the 'terial de rote! i1m: oing phenol/acetic acid/water 
Jthou:;h It lo c'b1e t1't e-trifthtLn of oaxboxyl groups occurred 
.:, (,fore f3-elimination could proceed to any great extent (Zitico and Bishop 
'e problems are discussed fully in relation to mustard 
i 	ides In Chapter 4. 
.raoentrifugation and free boundary eleotrophoresia results In 
• 	confirm the value of DUE cellulose chromatography for the 
paxation of pectic substances from mustard and soybean cotyledons and 
ow also that the fractions obtained are genuinely different components. 
.:ct ona3. n3ecL 1t:t on, as sEll 	 l*s c 	:rc't 	r '5 stlrrl 
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alcohol methods, seems to be less powerful, 
Ultracentrifugation and free boundary eleotrophoresie are complementary 
and should be used in conjunction to check the polymoleoulaxity or 
polydispereity of a sample, Free boundary electrophoresis requires a 
considerable amount of material (about 80mg) which is often not available, 
e.9, a wal 1 fraction from a column, and so it would in some oases be 
preferable to use ultracentrifugation (requiring only about 10mg). The 
choice of method is usually governed by its success in each particular case; 
ultraoentrifugation was therefore used for the examination of mustard 
polymaooharide fractions, while eleotrophoresie was found to be more 
useful for soybean polysacoharides. 
The results indicate that soybean pectin material extracted by the 
methods described, contained two distinct acidic species and one neutral 
component, the latter being a small proportion (1.4%) of the total. The 
mustard extract similarly contained two acidic and one neutral component, 
the two acidic fractions being partially separable by chromatography. 
Physical differences (i.e. in molecular weight or mass/charge ratio) were 
not found between polyaaooharidea obtained before and after germination, 
An interesting property of the acidic polysaccharides isolated both before 
and after germination was their tendency to form aggregates (gels) when the 
crude extracts were dialysed against hard tap water and then deproteinis.d. 
Both N and G aggregates wer, much more freely soluble in WZA than in 
water suggesting that divalent cations such as 0a or Mg might have 
a role in aggregation. However, once the gel had been dissolved it 
proved impossible to reconstitute it by straight forward dialysis against 
hard tap water. It seems that either the presence of protein was 
- - - -, 	 -- 
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necessary during the dialysis stage or treatment with phenol after dialysis 
was required. The former seems the most likely possibility as a 
significant amount of protein remained in the G gel after deproteiniaation 
with phenol. 
Aggregate formation of this type is a new property of pectin and might 
4 
reflect the way that o3aoium and perhaps other cations participate in the 
natural cross linking of peotio substances in the cell wall (for background 
see Bonner 1961). From a practical point of view, it is to be reocemended 
that pectic substances should be dissolved in ZA (2%) before exanination 
by ultracentrifugat ion or free boundary electrophoresis so that aggregates 
do not complicate the analysis. 
32. 
CUPTR 2 
PHYSICAL CHARACTERISATION 07 MUSTARD ARARANS 
Introduction 
The pectin araban from imiatard seeds is unusual in being a 
homopolyaaocharide oontai ning no unite other than L-arabinoe.. Most other 
pectin arabans reported in the literature contain at least a small 
proportion of other sugars, notably galacturonic acid, galactose and 
rhnmose. For example,, the arabsu from sugar beet has been extensively 
studied and contains these augers (Hul].ar 1963, Andrews st &1 1959); 
reported molecular weights (Ingeirnnn 1945, Tot-tau and Palmer 1963) vary 
from 10 9000 to 70 9000. These molecular weights are probably these of 
fregeenta foraed by 3-elimination (see Chapter 4) of a much larger molecule 
consisting of a galaoturonio aoidcontniriiiig main chain with large 
aabinoa.nt-tn1ng aids chains in addition to other sugar unite. 
Production of fragments similar to those above has been found for apple 
pectin on heating at neutral pH (Barrett and Northoote 1965) and so it car, 
be concluded that this hold, for other arabans heated at neutral or i bn1 tn 
ph (Saniptal965). 
The possibility that mustard araben is a similar artefact produced as 
a result of 3-elimination during extraction has been rejected (Hint 21 al 
1965) as this would leave a considerable amount of galacturonio acid main 
chain attached to the araban. Cleavage occurs at 10%, or lees, of the 
methyl ga3actu.ronate unite during 13-elimination (Albersheim ot al 1960) 
under the extraction conditions; continued treatment of the sugar beet 
araban at alkaline ph results in a lose of some, but not al], of the 
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acidic units (Th].lar 1963). It is impossible to detect the presence of 
galacturonic acid or other foreign units in the mustard arabans by 
hydrolysis and paper chromatography, and examination of the ultraviolet 
spectrum for the characteristic absorption caused by C4 - C5 unsaturation 
in a uronic acid unit was negative. Further evidence is that similar 
amounts of araban are produced when extraction is carried out with EMA 
at pH 7.5 or pH 4.9 9 the latter being much lees favourable for the 
-e1fntjyiatjon reaction. 
The role of the araban in the coil wall is not clear. Its molecular 
weight is small (7,500 for the metbylated araban, Rees and Steele 1966) 
and thus interactions of the type described in the General Introduction 
are likely to be weak and occur to a very 1m1ted extent. It has been 
Shown to possess a high degree of branching which tiimlnishee significantly 
upon germination (Rees and Richardson 1966). Perhaps it has a 
plasticising rather than a stiffening effect by keeping the more strongly 
interacting molecules apart from each other. The yield of araban drops 
after germination which together with the decrease in branching would 
cause stiffening of the vail as the organ matures by allowing the other 
pectic polyaaoobaridee to interact more closely. 
34. 
291 FArtggtion gL 4ra 	(4) from nowex-m—in-ated.u$ 	seeds by IWA at 
Crude axaban, which had previously been extracted (by Ir. N.G. Richardson) 
from uz3ground, solvent extracted .mbi7oa 'sing 1171A at PH 4.9 and 
deproteinised twice with phenol (45% by weight) was purified using detergent 
(Hirst P-141 1965). This method was much less laborious than the TMAE 
cellulose oolmui method and appeared to give just as jure a product. 
Cetyl triinethyl ammonium bromide (Cetavlon) was converted into the 
hydroxide by passing an aqueous solution (ic% w/v) through a column of 
Amberlit. IRA 400(0K) resin. A part of this solution (41) was added to 
an aqueous solution of the crude araban (500ng in 60m1). sodium, hydroxide 
(il, 41) was added and the flocculent white precipitate was collected by 
centrifugation. The precipitate was redissolved in water (6l) oontaiifg 
a very small amount of acetic acid (approximately neutral pH) and 
repreoipitated with sodium hydroxide, The precipitate, collected by 
prolonged oentri.fugati.on, was dissolved in very dilute acetic acid (2m1). 
The araban was obtained by precipitation with methyl ethyl ketone (18m1) 
and the white sticky material obtained dissolved in water (10i) and passed 
through a small Sephadex (G 15) column to remove salts. The pure araben 
solution was concentrated and freeze dried (yield 85mg). 
The anhydro-arabinoee content was 100% (phenol-sulphuric acid method, 
see General Methods) and the optical rotation [cx °J was -1730 0 
Hydrolysis and paper chromatography showed only arabinose was present 
(the mv1mm  amount of any other sugar present was lees than 2% of the whole). 
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The other arabana used for the physical studies were extracted by a 
similar technique using EA at pH 7.5 which is thought to encourage 
.elimination. &traction of someno iin'.ted (Araban 1) and germinated 
seeds (Araban 3) was carried out by Thy. N.G. Richardson and an extraction of 
some 'commercial white mustard seed germ' (. and J. Co].mans, Araban 2) was 
carried out by Mr. J.W.B. Samuel. 
2, 2 Examination of the 	 free boundary electrophoresis 
eotrophoreaia is only possible if the molecule under examination is 
charged or is complexed with a charged species. The complexing agent used 
was sodium tetraborate (0.05M) but the reason for complex formation is not 
clear since model compounds, 0.9. methyl z.. and methyl f3-arabinofurenoside, 
that contain the main structural features of the araban, do not form 
complexes (Foster 1957). Three explanations for compleTing by the arabezi 
are possible z- 
The single reducing unit in each polysaooharide molecule may be able to 
form a complex with borate. 
Strain may be present in the polysaccharide molecule so altering the 
distance between the hydroxyl groups and permitting oomplex formation. 
Complex formation may be caused by borate ions bridging different sugar 
units. 
2.2.1 Free boundary eleotrophor.ejs of arabans 
aeotrophoreais (B - 6.5v/cm) of each araban in AnnIAR sodium 
tetreborate buffer (0.05M 9 pH 9.2) for 178 minutes produced one diffuse 
ayaetrioal peak and no other peaks were detected. The boundary remained 






See Plate 25  





2.3 Sedimentation coefficients jS) of arabana 
Ultracentrifugation (334,000 g) of each araban (1%) in sodium chloride 
(o.ii) solution for 98 minutes produced a diffuse symeetrical peak. Care 
was taken to ensure that the concentration of all four a.rabana was the same 
as the sedimentation ooefficients may be concentration dependent. 
Araban (see Plates 26 and 27) 40 
(013) 
(i) 	 1.32 
(2) 	 1.23 
() 	 1.41 
(4) 	 1.24 
2.4 lrsanintion of the molecular weight distribution by u1tacsntrifugatjon 
of the arabns in a ynth.tjo boundary cell 
The solutions used in this experiment were part of theee made up for 
US previous  experiment. The special (12me) alininfum oentrepieoe (for use 
at high speeds) required to produce the synthetic boundary was supplied by 
Dr. C.T. Greenwood. 
TbS cell was half filled with a solution of the araben and two pookets 
in the aide of the oentrepieoe were filled with solvent (sodium chloride, 
0 15)1, 0 .25m1). An the rotor accelerated slowly, the cell distorted slightly 
PLATE 25 
So1. $ Ars.bsa (4) 
t 178 si., 
PLAfl 26 
Top 	Aro.b.n (i) 
Bottom 
Tim 98 min. 
PLATE 27 
Top : Arab (2) 
Bottem i 
Arabou (4) 








Time 	16 .in. 
PLATE 30 
(1) 
Ti.. : 120 .iii. 
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(at about 8 9000 r.p.m.) and allowed the solvent to run slowly from the two 
pockets and layer itself on top of the araban solution. As soon as the 
synthetic boundary was formed, the rotor was accelerated hard to 
679770 r.p.m. (334, 000 g) and the eohlier.n pattern photographed after 
15 minutes (see Plate 28). 
2.5 Determination of the - molecular weight (weight average) of the 
Arabezi (1) by the 'short oo1i method' (Yphantie 1960) 
The molecular weight (!&,,) is determined using the equation m- 
- RTdcldr 	 (i) 
Vp) 
where ) is the angular velocity, V is the partial specific volume of the 
solution, i.e. araban, /Dig the density of the solution, do/dr is the 
concentration gradient at the point at which the concentration is C 0 and 
is the distance of that point from the centre of rotation, 
The use of this equation was made easier (Van Hold* and Baldwin 1958) 
by the fact that in a short eo1ux (under 5ian) C0 is within 1% of the 
initial concentration at the mid-point of the solution (where - (a + b)/2 
a and b being the distances from the centre of rotation to the meniscus 
and base respectively). 
2.5.1 Determination of (1 - Vj) 
A pyometer similar to that used by Lipk.tn et al 1944 (see fig. 7) 
was used for determining (1 - 	The pybioxneter was calibrated using 
Aiai R benzene (density at 250C - 0.873409/00). 
Calibration was carried out by weighing the carefully cleaned and 
PYKNOMETER 	 PYKNO11ETER CALIBRATION 
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dried pylcnometer empty and filled with differet amounts of benzene. After 
filling, the pykncmster was placed in a theostatt.d water bath 
(25°c ± 0.002°C) for j hour and the heights of the liquid levels above the 
reference marks were recorded.. As the density of the bensene was knom 
it was possible to plot a graph of volume of the pykncmst.r (v) against sum 
of the heights of the liquid levels (s) (see fig. 7). 
The equation of the graph was worked out by applying the method of least 
squares to the values for V and S (calculated nlig a 1C119 computer with a 
program written in Atlas Autocode by Dr. RIM. Taylor). It was n.oe.aary 
to do this as insufficient accuracy was available by simply plotting the 
graph. 
V - 0.007875 + 4.10611 	(2) 
The term 7 appearing in equation (1) is the reciprocal of the density, 
the partial specific volume. This can be defined as the increase In volume 
of a solution when ig of solute, i.e. araban, is added to a large volume of 
solvent. 
For a two component system, the partial specific volume of component 1, 
17 1  is given by :- 
'- (v/m.j)m2 
where V is the volume of solution and rn.1 , m2 are the weights of the two 
components. 
The specific volume of solution is : - 
V v/(m.1 + 
.. v-V(za1 +m2 ) 	 (i) 
Hence , - (v/ 61 )m2  SO V + (m.. + rn,jdV/dr, 
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Nov the weight fraction of component 2 is z- 
V2 - 
M2/ (MI + 
- - 2il'l + m2 ) 	when a2 is constant 
- - W2dm1/(m1 + m2) 	 (ii) 
Combining (i) and (ii) 
'1 -V - 2dV/dV2 
Now expressing this In tome of the density of the solution () 
- (/ P 2) (dee 1 2 
and W2  - (1 - w1 ) 
v 
+ 	2 1 
dW2 
- 1(1 - 1 . v1 .g) 
() 	
dW1 
(!! 	 (3) 
dW1 
Using equation (3), (1 - 7j3) can be calculated from the densities of 
a series of polymer solutions of known concentrations • The previously 
calibrated pyknometer was used (see equation 2) to determine the densities 
of five solutions of araban (0.5%, 0.8% 9 1.0%9  1.2% and 1.5%) in distilled 
water (ici); the weight traction of araban () present In each solution 
was calculated. The gradient (d /dV 1 ) of the graph of density plotted 
against weight traction (so. fig. 8) was calculated using the method of 
least squares (by KDF9 computer), 
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d 1r*/dW1 . 0.38 ± 0.02 
Now]. — 	- 0.99 (for 0.8% 9  1.0% and 1.2% solutions) 
1 -'710- 0.38 	( " 
	" 	" 	" 	of 
	 ) 
2.5.2 Determination of concentration. 	by means of synthetic boundary 
MM (ic1in.r  and Kegeles 1955; Ginsburg Lt A 1956) 
Synthetic boundary rune were carried out at 30,200 g on the 0.8%9 1.0% 
and 1.2o araban solutions to determine the concentration, C O3 in terms of 
arbitrary units; the area between the aeblisren peek and the base line 
being proportional to the concentration. A standard 12izi epoxy resin 
synthetic-boundary, double-sector cell was used for this, a mn11 amount of 
araban solution (0.2m1) being placed in one sector and a larger amount of 
water (0.5inl) in the other. As the rotor was accelerated, water was 
forced slowly through a ohannel between the sectors and layered itself on 
top of the araban solution, so forming the synthetic boundary; the water 
remaining_ in the other sector of the cell provided a base line. Photoapha 
vexo taken as oori as the c 1icer peak had become fairly broad 
2-IC r'iinutes, see ,late 2. .wia were not continued for more than 
.5 minutes as, after this time, the peak began to sediment. A phase plate 
a :le of 800 was used for all runs involving the calculation of this 
oLeeular weight. 
o area under the peak was obtained by measuring the height (j. ii) of 
;e e 	bo'-e the bne line at set intervaia (0.030m) across it, 
.rea- (jute al). ' AE 
.txc.is lenses uo 	 it 
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to i1re  the aohlieren peak easily seen, the area must be corrected for theee 
magnification factors, Only the horizontal magnification need be taken 
into account as the vertical magnification 'cancels out' in a later stags 
of the calculation. A further correction is necessary, as in the short 
column runs which follow, a 30mn epoxy resin cell was used. 
Araban Concentration Area of Peak 	Corrected Area (C - Area x 2.5 ) 
2.224 
01104cm2 	0,116cm2 
10 	 01 l3Soin2 	0,151cm2 
1.2% 	 0.15om2 	011710M  
2,5.3 Setimentation eqi1jbrium in a short co1ui of arabcn solution 
(Yphantis 1960) 
The correct speed of rotation for these runs, 15,220 r.p.m. (16 9 800 g) 
was determined by a trial and error method based on values quoted by Yphantis. 
If the speed of rotation is too high, the concentration at the centre point 
of the column of liquid will differ significantly from 0, the original 
concentration. If the speed is too low, it will take a long time before 
equilibrium is reached so removing the advantage this method has over the 
Archibald (1947) technique. 
The equilibrium runs were carried out in standard 30n3n epoxy resin 
double-sector odin, with an artificial base in one sector provided by 
O,lml of PC 43 (perfluorotributyiamjne, a dens., volatile liquid purchased 
from B.D.L). This gave the short column an easily distinguishable base 
when it was being centrifuged. Araben solution (0,15m1) was added to the 
seme sector as the PC 43 and a larger volume of solvent (water, 0.5ml)  was 
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added to the other sector to provide a base line for the curve. Samples 
were run In the ultraoentrifnge for 2 hours (at 16,800 g) photographs 
being taken at half-hourly intervals. Equilibrium was judged to have 
been reached when the height of the mid-point of the curve above the base 
line (do/dr in equation 1) remained constant for 30 minutes (a.. Plate 30). 
The only other unknown variable, , the distance of the mid-point of the 
araban solution from the centre of rotation, was also obtained from the 
photograph of this equilibrium position (this value was corrected for 
horizontal magnification). equilibrium was reached by the araban solutions 
(0.8%9 1.0) and 1.2%) after 2 hours and dc/dr and were measured from 
photographs taken at that time (phase plate angle of 800), 
2.5.4 Calculation of the molecular weiRht of the araban in solution 
(Q8 1.0 and 12 2%) 
Values for the molecular weight were calculated using equation (i) :-
M - M dol4r 
2(1 —V,) 
In this equation the following are constants for these experiments :-
ft - 8.32 x 107 ergs/mole/°c 
P 298°A 
to 2 - 3.95 x io 
1 - 	- 0.38 ± 0.02 
The molecular weights caloulated were corrected to the nearest 
hundred and are quoted in the following table i- 
43. 
Concentration of amban solution O.8 1.0% 1.2 
dc/dr (cm) 0.304 0.366 0.419 
((3m) 7.052 7.051 7,018 
co (c2), 0,116 0.151 0,171 
Molecular Wjgh$ 6100 5700 5800 
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Discussion 
The molecular weight of the a.rabau obtained by ultraoentrifugation is 
2m31 9 corresponding to 40-45 L-arabinoae unite, and is similar to the 
value found for the methylated polyaaochaxids using vapour pressure 
oaiaometry. The similarity of these two results, one a weight average 
value (ultraoentrifugation) and the other a number average result, indicates 
that tie molecular weight distribution is small. The weight average 
molecular weight, Mi,, can only be the same as the number average value, 
nq in a system containing polymers of identical molecular weight as z- 
-
57 N Mand 	-  7 N M 
where Ki is the number of molecules of any kind, i, and M, is their 
molecular weight. 
There in little variation in sedimentation coefficient between arabana 
from nongerminated seeds, but this is within the eaperimental error. The 
error hers (about 7%) is mainly due to inaccuracy in measuring the 
photographic plate as the peaks were diffuse. However, in the case of the 
molecular weight determination, the major error arises from the pyknometry 
(determination of 1 - ?); for example, an error in the gradient, d f /dW, 
of 0.02 has a consequent error in the molecular weight of about 300 and all 
other errors are insignificant in comparison. 
There is little change in the physical properties of the araban after 
germination. That there in negligible difference in the eleotrophoretia 
mobility is surprising as study of the methylated polyeacoharide (Rees and 
Richardson 1966) baa shown that there is considerable reduction in the 
45. 
degree of branching during germination. The extent of complex formation 
'night be expected to be related to the degree of branching if it is dependent 
either on strained conformation at individual sugar units, or on bridging 
of different sugar unite by the borate ions. However, this was not borne 
out by the results. This shows that the sedimentation and eleotrophoretic 
diagrams may not always be sensitive enough to detect significant differences 
in structure. 
The low value for the molecular weight of the arabans confirms that 
they ar, not degradation artefacts split from a larger pectin molecule. 
Even only one foreign unit in a molecule of this size would represent 2% of 
the weight and therefore be readily identified by hydrolysis and paper 
chromatography. The consistent nature of the sedimentation coefficients is 
further proof, as even slight variations in the extraction procedure of the 
arabe.ng would yield molecules with noticeable differences in physical 
properties due to different degrees of degradation. 
46. 
CHAPTER 3 
A N1flOD FOR THE EXTRACTION 01 PECTIC SUBSTANCES AND IT3 MODE UF ACTION 
Introduction 
The ultimate objective of structural analysis of pectic polysaccharides 
is to determine their biological role In plant cell walls. It is therefore 
very important that these polysaccharides extracted from plant tissue should 
be unmodified.. Different cells with the same function in a particular 
plant organ are likely to have reached different stages of development and 
it is probable that the pectic polysacobarides In the cell wall will also 
have a different stage of development. This means that pectic polyisochariders 
from the organ are likely to have a distribution of molecules. It is 
therefore necessary that the polysacoharide should be completely extracted 
otherwise an unrepresentative sample is obtained. 
Unfortunately, the polyssocharides of the plant cell wall, whose 
fmotiou is partly to serve as a chemical and physical protection to the 
protoplasm, do not yield readily to mild extraction procedures. The pectic 
substances have been traditionally extracted using potassium hydroxide 
(Hirst and Jones 1947) or lime water (Hirst and Jones 1948) but although 
these methods provide convenient means of obtaining arabe.n and galactan 
components of peotlo complexes, they cause de-eaterification and degradation 
by p-elimination (see Chapter 4) and other reactions (Whistler and BeMiller 
1958). Indeed, it seems likely that the so-called 'neutral components' 
have often been degradation artefacts (Barrett and Northoote 1965). 
3-elimination can also occur in hot neutral solutions so that extraction 
with solutions of ammonium oxalate (Aopinai.l and Panshawe 1961) or EDN. 
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(McCready and McComb 1952) may also involve degradation of the native 
polysaooharide. When hot solvents are used for extraction, there is the 
risk of g13'uoeidia hydrolysis of furanosids linkages if the pH is 1.0* 
than 3, It would therefore seem desirable to use solvents of pH 4-5 for 
the extraction of pectic polyaacobarides. 
The problem of a complete, mild, extraction scheme is difficult without 
a knowledge of the way in which Pectic polysaocharid.s are bound into the 
cell walls. Some of the various modes of po].ysaooharide interaction have 
been discussed in the General Introduction and it is probable that the 
pectic polysacoharides are bound to each other or to protein by one or more 
of these interactions. Suppression of these interactions should enable 
easy extraction of the polysaccharides. 
A very successful procedure involves the use of 1iiiY1A which can sequester 
divalent cations which might be binding the polyaaoohari4es to each other 
and/or to proteins by electrostatic forces and possible ohe]ation. 
Unfortunately, EXDTA is most efficient above about pH 7 and this could lead 
to unwanted degradation. An alt erziative efficient divalent cation chelation 
agent is Calgon (sodium heram.taphoaphate) which is effective at or below 
PH 4.0 (Letharn 1962). 
It was suggested in the General Introduction that pectin forms crystallite 
gels by packing  main galeoturonosyl chain together, these being held at a 
distance from one another by electrostatic repulsion of the carboxyl groups 
and so prevents the formation of fibres as is the ease for cellulose. Work 
in this laboratory an gels of similar types, has suggested that hydrophobia 
bonding may be responsible for their existence (Anderson 1966). It is 
possible that pectin gels could be partly the result of the hydrophobic 
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binding togtther of non-polar regions of sugar units formed by axial c—H 
groups; the presence of methyl eaters might enhance this effect • For 
these reasons, compounds like urea and guanidine hydrochloride should prove 
successful extractants as they have the ability to break down the water 
structure around hydrophobic sites by reducing the strength of the hydrogen 
bonds between water molecules. This, along with their ability to break 
hydrogen bonds by competition for the active sites, should make them 
efficient extraction agents. 
The use of compounds which are able to form hydrophobic bonds with 
themselves, e.g. mioelles, and with other molecules containing hydrophobic 
sites, might also reduce the strength of any such interactions between 
polysaccharide molecules. Such an agent would also destroy 
protein-polyaaooharide and protein-protein interactions caused by 
hydrophobic bonding as well as being able to denature proteins. Examples 
of compounds which form hydrophobia bonds are straight-chain alkyl 
sulphonate detergents. For example, sodium lauryl sulphate is known to be 
an efficient protein denaturant by virtue of its hydrophobic hydrocarbon 
chain and so may prove useful in the extraction of po].yoaocharides. 
Hydrophobic binding has been put forward as an explanation for the 
formation of gels by kappa-carrageenan (Anderson 1966). It was found that 
sodium ].auryl sulphate, guanidine hydrochloride and urea all inhibit gelation 
of agarose, an uncharged polyeaocharide gim I 'r to kappa-carrageenan. 
This could be due to disruption of hydrophobic bonds and/or electrostatic 
interactions, but the former is moat likely as agarose is uncharged. A 
series of experiments is described at the end of this chapter to devise 
methods which could be used to test the possibility that pectins also form 
A0 
•1 .1. 
gels by h.ydrcphobio binding. This is relevant to the biological problem 
because of the possibility that pol.yaaooharide interactions in the cell 
walls resemble those in reconstituted gels (Rees 1967). 
50. 
3 • 1 Ures, extraction of the residue XgggaLng after 11YPA extraction of 
nongerniinated mustard embryos 
A mixture of residue (259) and urea (240g) was made up to 501 with 
water and stirred for 24 hours. After oentrifugation, the carbohydrate 
content of the supernatant solution was measured by the phenol/sulphuric 
acid method (see general methods). The extraction was repeated a further 
seven times and a graph plotted of the extraction number versus the optical 
density (at 49(n y) (fig. 9). The supernatant solutions were bulked and 
dial.yaed against running tap water for 7 days, then concentrated and freeze 
dried to give 3.99 of material. The phenol/sulphuric acid teat was 
calibrated using 1)-glucose and subsequently used to determine the 
'carbohydrate content' of the extracted material (ic%). The weight of the 
fjn1 residue (after drying) was hg and the sugars observed after hydrolysis 
and paper chromatography are given in Table 2. 
3.2 Guanidine hydrochloride extraction of the residue remaining after 
1YA extraotion of non ermjitate4 mustard embryos 
This extraction was very simil r to the previous one. Residue (25g) 
and quenidine hydrochloride (48g) in a total volume of 500ul were stirred 
for 24 hours and the extraction repeated a further nine tines. The 
supernatant solutions were bulked, dialysed for 6 days against running tap 
water and freeze dried (0.2g; carbohydrate content 7.0%). The dried 
residue from the extraction weighed 20.5g and contained the sugars noted in 
Table 2. The course of the extraction is shown in fig. 9. 
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3.3 Jitraction of defatted mustard embryos at 20 0C with urea (3M) 
containing iA (z) 
This extraction was very similar to those described above. Ground 
embryos (25g) urea (2409) and MTA (log) in & total volume of 500m1 were 
stirred for 24 hours. After ten treatments, very little further 
carbohydrate was extracted (fig. 10). After freeze drying the dialyzed, 
concentrated supernatant solution, the weight of material (carbohydrate 
content 2.5%) obtained was 2.0g. The dried residue weighed hg (see Table 2). 
The extraction was very poor as the embryos did not disintegrate. In 
an attempt to overcome this, 5g of the residue from the above extraction 
was homogenised (Potter glass homogenizer) and the extraction repeated three 
further times. It was impossible to follow the extraction as the material 
was colloidal. A clear solution was obtained with difficulty by filtration 
through oolite > and dialysis and freeze drying produced 0.3g material. 
3.4 FXtMtion of defatted embryos at 100 °C with urea (7M) containing 
E1ZLA (2%) 
The extraction procedure was the same as used in 30 except that the 
temperature was 1000C. After four extractions, the supeiatant solutions 
were bulked, dialyzed for 6 days, concentrated and freeze dried (12g; 
carbohydrate content 8.5%). The residue weighed 2.Og after freez, drying 
and contained the sugars shown in Table 2. The progress of the extraction 
is shown in fig. 10. 
3.5 Jbctraction of defatted embryos at 40°C with urea (12n) oontainjg 
1IYA (2%) 
A mixture of ground embryos (259)  urea  (3509)  and EDTA (log) were 
Pig. 9 Extraction of the residue after EDTA extraction of mustard 
embryos, with urea (8N) (continuous line) and guanidine 






Pig. 10 Extraction of mustard embryos with urea (7M) containing ED (2%) 
at 100°C (continuous line) and urea (8N) contairinE DTA (2%) at 







mixed with water (50l) and stirred at 400C for 24 hours. The mixture 
was filtered through muslin and the residue subjected to the same treatment 
a further five times. Pig. 12 shows the progress of extraction and the 
sugars observed after hydrolysis and paper chromatography of the residue 
are given in Table 2. The extracts were worked up in the usual mann.r 
(yield U.4gI carbohydrate content 7.5%). The weight of the dried 
residue was 0.9g. 
36 Extraption of defatted embryos with urea (12M) in a rotary ball mill 
A mixture of ground embryos (25g) and urea (3509) in water (5 0001) 
was milled for 24 hours, The mixture was centrifuged, the supernatant 
solution analysed for carbohydrate content, and the residue extracted a 
further six times. Fig. U shows the progress of extraction and Table 2 
the sugars present in the residue. The extracts were worked up in the 
usual manner (yield 6.lg; carbohydrate content 12.0%). The weight of 
the dried residue was 3.1g. 
3,7 ibctraction after deproteinisation 
Deproteinisation was attempted with phenol/acetic acid/water 
(Bsgdaaarian 11 al 1964) as follows, (}round embryos (50g) were ball 
milled with phenol(].kg) acetic acid (1 litre) and water (1 Litre) for 
24 hours and the precipitate was collected by centrifugation. The 
extraction was repeated twice on this precipitate which was finally washed 
with ethyl alcohol (90%) and ether. The yield of dried material was 94g 
(nitrogen content 4.9%, see general methods). This carbohydrate enriched 
material was subjected to the following series of gn1 1 scale extractions 
to determine whether polysacohexidee could be extracted from it more easily 
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than from the non-deproteinised embryos. 
3.7.1 4ctrution of deprotej.niaed residue with DTA at 20 °C 
The residue (l.og) was shaken with an (0.4g) and water (20ml) for 
24 hour.. The extraction was repeated a further nine times, the supernatant 
solution being analysed for carbohydrate at each stage. The progress of 
the extraction is shown in fig. 12. The weights of the final residue and 
of the dialysed freeze dried extract were 0.9g and 0.06g respectively. The 
sugars given on hydrolysis of the final residue are listed. in Table 3. 
3.7.2 1traotion of deprotein.ised residue with EI1rA (2%) at 100°c 
The method was similar to that used in 3.7.1, the only difference 
being that EDTI (2%,  pH 4,9) was used at 100°C. The yield of extracted 
material after dialysis and freeze drying was 0.23g (carbohydrate content 
30%). The residue (0.239) showed galacturonic acid after hydrolysis. 
The detailed results are shown in Table 3 and fig. 12. 
3.7.3 &traction of deproteinined residue with sodium bexaznetaphoopbate 
Sodium }lerRmetaphoaphat. (2%,  pH 4.9) was used in place of EIY2A in an 
experiment similar to 3.7.1. Care was taken to adjust the pH of the 
solution to 4.0 using a pH meter. The deproteinised meal (ig) was extracted 
for eight 24 hour periods at room temperature using sodium 
h.!rmetapho.phate (0.4g) in water (20nl) for each extraction. The yield 
of extracted material after dialysis and freeze drying was 0-59 
(carbohydrate content 44%). The residue weighed 0,3g and hydrolysis, 
followed by pa, ,er chromatography showed only a trace of galacturonio acid. 
The other sugars are listed. in Table 3. The progress of the extraction is 
Fig. 11 Extraction of mustard, embryos with urea (12M) (continuous line) 
and with urea (12N) containing EIDTA (4`0 at 400C (broken line) 
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Pig, 12 Extraction of deproteinised residue with sodium hexametaphosphate 
(2%) at 200C (long dashed line) and with E= (2%) at 1000C (short 
dashed line) and at 200C (continuous line) (see 3.7.19 3.7.2 and  3.7.3) 
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given In fig. 12 0  
3.7.4 kbrtraotion of deproteinjeed regsjdne with urea (12x) containing 
EIYJYA (z%) 
Urea (14.1g) was used as well as E112A In a method similar to that in 
3.7.2. The progress of the extraction is shown In fig. 13, The weights 
of the ftni residue and of the dialysed, freeze dried extract was 0.3g and 
0,099 respectively.  The sugars given on hydrolysis of the final residue 
are Listed in Table 3, 
3.7.5, Extraction of deproteinjsed residue with sodium th.ocyanate (50% wJy) 
containing EDTA (2%) 
Sodium thiocyanate (20g) (Gould 1965) was used as well as E]71A in a 
method similar to 3.7.1. The progress of the extraction is shown in 
fig. 13. The weights of the final residue and of the dialysed, freeze 
dried extract were 0.4g and 0.09g respectively. The sugars given on 
hydrolysis of the fi1 residue are listed in Table 3. 
3.7.6. &traction of deprotejnjaed residue with guanidjne hydrochlo ride (IN) 
and with guanjdj.ne hydrochloride (7M) containing BTA (2%) 
The residue (1.0g) was shaken with guanidine hydrochloride (12-3g) and 
water (20il) for 24 hours • The extraction was repeated a further five 
times, the supernatant solution being analysed for carbohydrate at each 
stage. The residue was then extracted several times in the same way but 
with the Incorporation of EIMA (0.4g) into the mixture. The progress of 
the extractions is shown in fig. 14. The weights of the final residue and 
of the diai.ysed, freeze dried extract were 0.3g and 0.25g respectively. 
Pig. 13 Extraction of deproteinised residue with urea (7M) containing 
EIYTA ( 2%) (continuous line) and with sodium thiocyanate (50) 
containing EIYJ1A (2%)  (broken line) (see 3.7.4 and  3.7.5,) 







Pig, 14 Extraction of deproteinised residue with guanidine hydrochloride (7x) 
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The sugars given on hydrolysis of the final residue are listed in Table 3. 
3.7.7 *traction of deirote4iiad aidu yh o 	4e..vater itps 
Phenol/sulphuric acid tests show that very little polysaccharide was 
extracted when the residue was shaken with formamide-water mixtures in the 
proportions 2:1 or 1:2. 
38 Extraction of mustard embryos with guanjdjne hydrochloride (714) 
q9nn 	kr.() at 409ç 
Defatted embryos (12.59) were dispersed in water (250m1) containing 
guan.td.tne hydrochloride (1669) and MrA (59) and stirred at 40 0C for 3 hours. 
The residue was extracted three times in the same way and then a further 
thirteen times for 24 hour periods. The progress of the extraction is 
shown in fig. 15. The weights of the final residue and of the d.ia].yaed, 
freeze dried extract were 1.1g and 4g (carbohydrate content 8.5%) 
respectively. The sugars contained in the residue are shown in Table 2. 
3.9 &txaotion of defatted embryos with sodium, )*metaphosphate at 80 0C 
nbryoa (59) were extracted at 800C for 24 hours with a solution of 
sodium hmetaphosphate (2%,  pH 4.0) in water (125m].). This was repeated 
six times and the yield of extracted material after dialysis was 2.7g 
(carbohydrate content 4.5%). The residue (ig) gave galaoturonio acid as 
well as other sugars (Table 2) on hydrolysis. The detailed results are 
shown in Table 2 and fig. 16. 
3.10 Extraction of defatted embryos with sodium hexametathosphate at 1000C 
The procedure was the same as in 3.9 except the temperature was 1000C. 







Pig. 15 Extraction of mustard embryos with guanidine hydrochloride (7M) 
containing EDTA (2%)  at 400C (see 3,8) 
[;I 
r, MIMI *'' 0, wo, *1 
4 
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Pig, 16 Extraction of mustard embryos with sodium hexametaphosphate 
at 80°C (continuous line) and at 1000C (broken line) 
(see 3.9 and 3.10) 
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(carbohydrate content 10%) and the yield of the residue was 0.6g. Other 
results are given in Table 2 and fig. 16. 
3.11 &taction of defatted wbmros with E]Y1'L. (2 1;) oonta4thg aodiu 
laizrl aulpkzatp (o.M) 
Sodium ].auryl sulphate (7.29) with E1Y1A (2.5g) and defatted mustard 
seed embryos (59) were heated in a total volume of 125m1 for 3 hours at 
1000C. A control experiment showed that the pH of the extracting solution 
was 5.0. The mixture was filtered and the residue extracted in the same 
way a further three time and finally extracted twice for 24 hours. The 
six extract, were combined and dialysed against running tap water to remove 
Efl1fk, Methyl ethyl ketone (10 volumes) was added to precipitate the 
polyaacobaride free from sodium lauryl sulphate (yield 5g; carbohydrate 
ontent 2. 5,). The residue weighed 0.179 after drying. Other results are 
in Table 2 and fig. 17. It would appear that extraction of pectin 
batancee was complete because the residue gave no galacturonic acid on 
. 	...traction of defatted ebryo wt1A Y1A (2) ooitR.injJg odjn 
lauryl suiDhate (0.21) at 800C ed 60°C 
.s series of extractions was similar to that In 3.12 except that 
raction was for seven periods of 24 hours each. The yield of extracted 
Of the 
• C o the 
Corresponding yields were 2.8g (carbohydrate content 6.0%) and 0.76g. The 
-- ogress of both extractions is shown in fig. 17. In neither oaas was the 
-: :o 	 (i!i 	C.C-Ctj, 	 •.•.o 	 .f.(H 
57. 
3.13 	treotion of defatted embryos with sodium la  iryl oulphate at 100°C 
in the absence of 1Y2A 
Dsfatted embryos (59) were extracted five times for 24 hour periods 
with sodium lauryl sulphate (7.29) in 125m1 water at 100°C. The yield of 
extracted material (carbohydrate content 7.5%) was 6.0g (oontnminsated with 
sodium lauryl sulphate) and that of the residue (0.35g), Although the 
results (Table 2) indicate that the extraction was efficient, control 
experimsnts carried out showed that the pR of sodium lauryl sulphate solution 
was 9.0 and it is therefore likely that degradation of polysacoharidse 
occurred and facilitated extraction. 
3.14 Extraction of defatted embryos with eodiu hexejietaoaphat (2%) 
containing sodium laury-1 sulphate (0.2N1 at 80°C 
Sodium lauryl sulphate (7.29) was heated with sodium lwrkn*taphoaphate 
(29) and defatted embryos (58) in a total volume of solution of 125mn]. at 
800C for 24 hours. This was repeated a further five times, At the 
beginning of each extraction, the solution was carefully buffered to pH 4.0. 
The yield of extracted material was 0.9g (carbohydrate content 10$) and 
that of the residue was 0.58g. The progress of the extraction is shown 
in fig. 18. The hydrolysis products of the residue (Table 2) showed that 
extraction of pectic substances was incomplete. 
3.15 Eictraction of defatted embryos with sodium hntaphoaphae (2%) 
containing 	A (2%) and sodium laury]. sulphate (0.2M) at 8 0 0  C 
The extraction was similar to that in 3.14 except that the solution 
included &WA (2g). The yield extracted was 1.5g (carbohydrate content 9%) 
and that of the residue was 0.56g. The progress of the extraction is shown 
Fig. 17 Extraction of mustard embryos with =A/sodium laurrl 
sulphate at 1000C (continuous line) 80°C (short dashed line) 
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Fig. 18 Extraction of mustard embryos with sodium hexametaphosphate/sodium 
lauryl sulphate at 800C (continuous line) and sodium hexametaphosphate/ 
sodium lauryl sulphate/EDTA at 80°C (broken line) (see 3.14 and 3.15) 
[S)•I4I 
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in fig. 18. The hydrolyois products of the residue (Table 2) show that 
extraction was incomplete. 
Table 2 RMg detected fter hydrolais nf reqLdM9 r t çtect ion 
of mustard embryos 
Sugars detected by paper chromatography after hy&t'o1ysis 
&traotion Oalaot- 
Conditjons* uronj.c Glupose Galactose Arabinose Xy'1ose MjjSMpq 
Acid 
3.1 ++ ++ - 4+ +1-f + 
3.2 .- + ++ +++ ++ - 
3.3 ++ + 4-f +++ 1-F+ + 
3.4 ++ +4-4• 4+ 4-f ++ - 
3.5 ++ ++ 1-f +++ ++ + 
3.6 ++ + +++ ++ + 
3.8 4+ + 1-f 4-F-f 4+ + 
+ ++ ++ trace +++ - 
.10 + + ++  
- + + + 4-I- - 
.12 (so°c) 	+ +4- -4-4- ++ +4-f trace 
0 
race 
.14 + 4+ 1-4- - 4-1-f - 
59. 
Table 3 Suzs detected after hydrolyeis of residues from the ectraotjon 
of deproteixiised material 
Sugars detected by paper chromatography after hy.rolysia 
traction Galact- 
Conditions* uronic 	Glucose 	Galactoee Arabinose Xyloae ithamnpae 
Acid 
3.7,1 ++ 	trace 	+ +++ i-1 trace 
5.7.2 + 	 + 	++ ++ - 
3 .7.3 trace 	+ 	 +4 +++ .44 - 
3,7.4 ++ 	trace 	+ +++ 4+ trace 
5.7.5 +s-i- 	trace 	+ +4+ ++ trace 
3.7.6 + 	 + 	++ +++ ++ - 
Notes t- 
* The letters in this ooluzii refer to the corresponding headings in 
the text. 
** For hydrolysis, approximately 20g of each residue was shaken for 
24 hours with 720/lo w/v sulphuric acid (2m1). After dilution to 20n1, 
the mixture was heated at iOOC for 6 hours then neutraLthed by 
ahiilring three times with oaty1dinethy1nn4ne (5% in chloroform) and 
examined by paper chromatography in solvent A (see general. :tethod . 
Chromatograms were sprayed with p-aniaid.ine hydrochloride 
3.16 Large scale extraction of the pectin po]suaoohaz'idee from the 
cotyledons of nongerminated and germinated peeda 
3.16.1 The separation of cotyledons from nongerminated seeds (Riohardeon 1965) 
A large quantity of whole seeds was crushed using a hand mill and the 
enzyme inactivated by heating with ethanol (80% v/v) at 8000 for 10 minutes. 
After a thorough sifting and winnowing procedure to obtain pure cotyledons 
(1140g) oligosacoharidec were removed by solvent extraction (soxhiet) with 
ethanol (48 hours). Pate were removed in a a{m1lrrmanner using acetone 
as a solvent. The yield of air dried cotyledons was 580g. 
3.16.2 The separation of cotyledons from germinated seeds (Gould 1965) 
Mustard seeds were germinated on moist filter paper (Whatman 3) in 
the dark. After four days they were harvested, frozen immediately in 
liquid nitrogen and freeze dried • The seedlings were crushed in a hand 
mill and subjected to the aems sifting and winnowing procedure as described 
in 3,16.1. As this was complicated by the presence of roots, the final 
pure sample of cotyledons (3309) was obtained by hand sorting. The 
cotyledons were solvent-extracted with ethanol and acetone and gave 1379 
of fat free cotyledons. 
3.16,3 Large scale extraction using sodium lauxyl sulphate (0,2N) and 
A (2%) at 100°C 
Pat free cotyledons (580g) from nongerminated seeds were stirred with 
water (2 litres) containing sodium laury]. sulphate (1159) and EDPA (40g) 
for 3 hours at 1000C, The supernatant was filtered off through muslin and 
the process was repeated twice on the residue. i?iye further extractions 
61. 
were then carried out, heating the mixture at 100 °C for 24 hours • The 
bulked extracts (16 litres) were than centrifuged to remove eell debris 
and methylated spirit (4 volumes, 64 litres) was added to precipitate the 
pectic material. The mixture was allowed to stand for 24 hours and the 
supernatant siphoned off. The precipitate was centrifuged, stirred with 
water (5 litres) containing a sma.3 1 amount of mercuric iodide for 
sterilisation and dialysed for 10 days ag-J.nat running tap water. The 
mixture (13 litres) was centrifuged and the precipitate (probably denatured 
protein) was discarded as it contained only a trace of carbohydrate (by 
phenol/sulphuric acid test). The supernatant was concentrated to 3 litres 
and deproteiriised (three times) by heating with phenol (45% v/w, 2.33;g) at  
(Westphal et , 1952). It was shaken six times with 1* litres of 
t;her to remove residual phenol, concentrated and freeze dried. The yield 
:w ' 	 •; 	
) on hydrolysis (formic acid) and paper 
;rornatorarhy (solvent -4). 
- 	 - 
ree boundary electrophoresis in sodium t.traborate buffer (oontaizi1ig 
• 	iroduced one slow moving, diffuse peak (Plate 31) and a similar 
T. with 	6.3 x 1O 5cm2/a/v) was obtained in sodium phosphate 
uffer, 
tracsntrifugation at 110,000 g of a 1% solution oontnin4g sodium 
aloride (0.15N) and MTA (2%) gave one slow sedimenting peak 
- 2.05 x l0; see Plate 52). 
•••_!S•.'•, 
PLATE 31 
Sample z Pectin from 
non-gsfnat.d a..da 
Tim 111 am. 
PLATE 32 
Ssapis : Pectin from, 
germinated usda 
Time 	102 am, 
PLATE 33 
Top : Pectin from germinated cud. 
Bottom : Pectin from non-g.r1iat.d 
cud. 
Tin. t 27 min. 
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obtained in 3.16,2 above; the quantities of reagents used were scaled down 
in proportion. The yield of pectic polysacoharides (a') was 17.4g 
(N - 0.85%) and gave a similar pattern on hydrolysis and paper 
chromatography to that obtained for the material from non-geiinat.d seeds 
(Table 4). 
Physical Properties 
1.Free boundary electrophoresis in sodium tetraborate buffer (containing 
2% EDm) produced a slow moving, very diffuse peak (Plate 32) and a 
similar less diffuse peak (with mobility 8.0 x 10 5om2/8/v) in sodium 
phosphate buffer. 
2. IJitracentrifugation at 110,000 g of a 1% solution containing sodium 
chloride (0.15M) and EiY1'A (2%) gave an almost identical pattei (Plate 33) 
to that obtained for the material for non-geminated seeds 
- 2.10 x 1013). 
Table 4 	Sugars obtained after hydrolysis and paper ohroiiiatoraphy 
Galaotuxonjo 	Galactose 	Glucose 	Arabinose 	4y108 
Acid 
NI 	 ++ 	 + 	 - 	1411 	+++ 
Ut 	 ++ 	 + 	 - 	44f-I 
3.17 Bxamination oL the setting properties of some po].ysaooharjde gels 
3 • 17,1 Pumme In opt&cal _rotation during settiz 
All polaximetry was carried out In a thermostatted cell (1dm) using a 
Perkin-Elmer Model 141 automatic polarimeter with variable slit width (a 
et 41 ar Instrument without this control gave unsatisfactory results). 
63. 
Aqueous solutions of agarose (1% and 0.5%) and the potassium salt of 
two oarrageennna (kappa 314 and iota 5%) were examined. Each was placed 
In the cell at about 800C, equilibrated at this temperature for 20 minutes 
and the optical rotation at up to three wavelengths (365, 546 and 578m) 
measured, The temperature was lowered by 5-10 °C and the optical rotation 
measured after 20 minutes (see figs. 19 9 20 0 21 and 22). The process was 
repeated until room temperature had been reached. In the case of agaros., 
once room temperature had been reached, it was heated to about 80°C again, 
readings being taken at approximately 100C intervals. 
A distinct change in optical rotation was observed when the gels set; 
the ones with negative rotation (agaros.) immediately became more negative 
and the ones with positive rotation (oa.r'rageenan) became more positive. 
Possible Systematic &rors 
Variation of optical rotation with temperature. 
An aqueous solution (3%) of a-methyl 11-gluooaid.e was examined in a 
manner similar to that described for the polysacoharide gels (se. fig. 23). 
There were c ily alight deviations from a straight line as the temperature 
was lowered. 
Change in refractive index upon setting. 
The refractive index of the polysacoharide solutions was measured 
(Abb refractometer) at intervals on cooling from 67.50C to 250C (see 
Table ). 
Fig. 19 Optical rotation of agarose (0.5%) solution on reducing the temperature 
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Fig. 20 Optical rotation of agarose (1.0 1A) solution on reducing the temperature 
70 	60 	50 	40 	30 	20 
T2ATURE (°c) 
Optical rotation at 65mj. 	 Optical rotation- at 546mjs. 














50 	40 	30 	20 
TATDBE ( °c) 
Optical rotation at 54 
	









Pig. 22 Optical rotation of iota—oarrageenan (5%) on reducing the temperature 
TATURB (°c) 
Optical rotation at 576m (denoted by x) and at 546my (denoted by ) 
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Temperature a-methyl 	lucosjde Mar 
Water Kappa- (5%) 
67.5°C 1.330 1.326 1.329 1.331 
60°C 1.332 1.328 1.330 1.332 
509C 1 .334 1.329 1.332 1.333 
45°C 1 .334 1.330 1.333 1.335 
400C 1.335 1.331 1.334 1.336 
35.5°C 1 .336 1.333 1.335 1.337 
300C 1.337 1.334 1.335 1.337 
• 	Li H 	.. 
 
-. 
icattering and reduction 	ranssion 
iht scattering caused by Betting of a g1 should tend to depolarise 
..iht. An attempt was made to w=dne the effect of light scattering by 
Lng calcium carbonate (5mg) to a solution of a-methyl D-gluooeide (3%, 
1 	• 	. 
 
s i milar experiment was carried out using carbon instead of 
.lciwa carbonate as it was possible that a reduction in the intensity of 
it 	 U. 
 
It be responsible for a change in 
546m.)A and 378m)-t Vag 
.aaured before and after the addition of calcium carbonate or carbon. 
.tical rotation of 	 Wavelength 
:78m 	546in4 	365mji. 
- 	. 	 .929 	5.571 13.903 
and carbon 	4.915 	5.561 13.870 
d calcium 	4.918 	5.561 13.870 
J. 
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3,17.2 The effect of electrolytes on the setting temperature of gels 
The melting points of gels contahthg anions at different 
concentrations were recorded (Tables 6 and 7). The gels used were 
coanercia]. agar (0.4%. Oxoid lonagar No. 2) agarose (0.5%, a very pure 
sample, RJ 5116, Supplied by Marine Colloids) kappa-carrageenan (3% and 
2%, REX 3148 isolated from Chondrue orispus by JIarine Colloids) and 
iota-carrageenan (2% and 1% 9 RC 5201 isolated from Eacheumia, spinosupt 
by Marine Colloids). The effect of addition of varying amounts of 
sodium ].auryl sulphate to agar (0.4%) and methyl cellulose (1.5%) (B.B.R.) 
gels was also examined. 
All the gel samples in a particular series were heated in sealed 
tubes in a gently heated, stirred water bath (rate of increas, of 
temperature 0.750C/minute) until they melted. The melting point was 
taken as the temperature at which the gel flopped on &k4g the tube 
j0ntly. 
517•5 	from fully ethylated citrus pectin 
tempt was made to prepare a fully methylated citrus pectin gel 
ui u'lie method of Deuel et Al (1950). This was successful only on the 
1ition of sucrose (50 w/w) and the sol obtained on melting was too 
vcous for reliable melting point determination. Attempts to reduce the 
cc-certrtio:. 	pcii 'r urosc cont'- nt prevented the gel from setting. 
66. 
Table 6 I1eltjng point of a gel at 0,251 salt concentration (°cj 
Carrageenan 
Salt Agar Agarose Kappa- Iota..- 
O.4. 0,5 
- 80 74 47 28 Not set 
Sodium trichioroacetate 75 65 56 47 60 32 
Sodium thiocyanate 72 68 62 74 38 62 
Lithium thiocyanate 70 73 59 59 60 53 
Potassium thiocyanate 72 74 61 72 47 63 
Sodium percblorate 71 73 67 81 48 59 
Sodium iodide 75 67 65 83 57 59 
od.jum acetate 77 81 61 49 65 31 
odium bromide 78 81 62 83 55 64 
.odium chloride 80 82 59 50 62 31 
ea 78 76 47 Not Not Oet 
- 	 C 	 - 
67. 
Table 7 Melting point of agarose (0.4%) at l.OM salt concentration 






















Gel 	 Mount of added sodium lazryl 	Nelting Point 
sulphate (g625w]. of gel) 	 () 
Agar (0.4%) 	 0 	 55 
0.2 	 83 
0,4 	 63 
0,7 	 83 
1.0 	 83 
3.0 	 vot set 
5,0 	 Not set 
)t11 cellulose 	 0 	 80 
(l.5,) 
	
0,6 	 Not set 
1. • C 	 :-ot  
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Discussion 
One of the important aims in obtaining a polysacoharide from its 
natural source, is that extraction should be complete. In the ease of 
mustard pectin, it was shown (Gould 1965, Richardson 1965) that pectin 
substances were completely extracted by EIflA (pH 7.5, 100°0 by the fact 
that the residue gave no galacturonic acid or arabinose on hydrolysis. 
The success of this method (Hirst et al 1965) suggested that divalent 
cations, possibly calcium, are involved in the binding of pectic 
polysaccharides into the cell walls (c.f. General Introduction). 
Unfortunately, -e1 11tion and de-eateritication (se. Chapter 4) are 
likely to occur to some extent, and a new method is therefore required 
without these drawbacks. The search £ or new methods for complete 
extraction was based on attempted suppression of certain types of 
possible molecular interaction in the plant tissue. 
The most obvious alternative is a divalent cation sequestering 
which would be effective at low pH. Sodium hexazmetaphoaphate works at low 
pH but did not achieve complete extraction from fat free mustard embryos, 
E]XA at pH 4.9 (extraction carried out by Dr. N.G. Richardson) is also not 
completely effective and this suggests that the removal of cations is not 
the whole answer to complete extraction; there must be another form of 
interaction holding .. .e polysaccharide into the cell wall. 
Deproteinisation, followed by extraction using sodium hm.taphosphate, 
gave good results even in the cold although some combined arabinose remained 
In the residue. That the removal of protein was necessary before complete 
extraction could be achieved suggests, as did the work on pectin gels 
described in Chapter 1, that protein my play a part in the binding of 
* 
70. 
pectic substances into the eel]. wall. 
Interaction between molecules in the plant cell wall might be related 
to that in synthetic gels (General Introduction). The recent suggestion 
that hydrophobic bonding might be important in certain polysaccharide gels 
(Anderson 1966) in turn means that this type of interaction my exist in 
vivo. Urea, guanidine hydrochloride, sodium thiocyanate and sodium 
laux7l sulphate are all thought to be compounds with the ability to break 
or compete for hydrophobic bonds. Of the reagents of this type that were 
tried, extraction of pectic material from defatted mustard seeds was only 
oomplete with the sodium lauryl aulphate/DTL mixture need at 1000C. 
The choice of an extraction method was therefore between this system 
ium hemetaphosthate  after deproteinisation. Neither is as mild 
1 be wished, but neither suffers from the drawback of using =TA 
I 7.5) it 1000C which is that pectic substance, are likely to be degraded 
verely during extraction. Sodium bexazaetaphosphate was considered less 
$isfaotory as it was necessary to deproteinise the seeds first with a 
iç 	 iJ 	t 	.1 
 
Jit have eaneed degradation. 
'id non-germinated seeds were 
refore carried out using sodium ].aui]l, sulphate/EM at pE 5.0. 
as large scale experiments extracted significantly more 
lysacoharide material (25% more) then the original EDTA method (Hirst 
a] 1965, Jould 1965). The extracts also contained, much less protein 
'ter treatment with phenol. This may have been due to the ability of 
:&ium ]auryl sulphate to denature protein during extraction and make it 
o separate from the polysaccharide. 
-- 
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were rather different from those obtained for the pectin extracted at 
PH 7.5 (Chapter 1, Plate 20). Only one slow peak was obtained in both 
samples and this corresponded approximately to the slow-sediment jug 
material in the original pectin extract. It is possible that the faster 
aedimenting material was not completely absent but was obscured by physical 
effects in the ultracentrifuge cell. This hypothesis is supported by the 
distortion of the leading edge of the slow peak after prolonged 
ultracentrifugatjon at high speed. This could only account for part of 
the loss of the fast component; another explanation is required for the 
rinRlr1ier. One possibility is that extensive degradation of this material 
had taken place during extraction, though this is difficult to understand 
as the conditions were much milder than those In the original extraction. 
An extraction carried out on fat free mustard embryos ningEDTA at pH 4.9 
(by Dr. N.G. Richardson) gave pectin material which contained both fast and 
::ioV peaks indicating that the lose of the fast peak is not a function of 
b .e low pH. Another explanation is that the fast peak is due to a 
sic al aggregate produced by some special condition of the original 
ctracb ion ihioh survives from the natural state, but is dissociated by 
:tractjon with sodium lauryl sulphate. Insufficient information is 
:J1c 	 the most probable answer. 
:ielectrophoresis also produced a ale peak in both 
oujh the new pectin fm non-germinated seeds had a 
ly to that of the original N. the mobility of the pectin 
irom germinated seeds was significantly higher than that of the original 
72. 
The action of sodium lauryl sulphate is probably due either to the 
removal of protein surrounding the polysaccharides in the cell wall 
(supported by the fact that sodium hex'etaphoaphate is more successful 
after deproteinisation) or to the solubilisation of polyaaooharidea 
perhaps by hydrophobic bonding to it. To teat whether the latter 
hypothesis is reasonable, work was done on some gels as model systems. 
One of these gels (kappa-carrageenan) has been examined by X-ray diffraction 
(Anderson 1966) and appears to possess a hydrophobic face consisting of 
axial -E units • Other methods were developed using gels in the hope that 
they could then be applied to pectins to show the nature of the binding in 
gel foat ion. 
The current theory of gel formation by polysacoharidea of the 
carrageenan type is that the chains couple with the formation of helices :- 
The helices rnay gain stability by electrostatic or possibly also 
hydrophobic interaction. If this mechanism is correct, a change in optical 
rotation should occur when the gel sets because dissymmetry of the sugar 
units will favour either a left or right handed helix (unless the axis is 
twofold) and hence there will be a change in the dissymmetry of the system 
73. 
as a whole. This prediction has now been confirmed experimentally for 
agar, agarose, kappa- and iotacarrageenan. The change in rotation 
appears to be genuine as there was no refractive index change as the gel 
set [optical rotation is proportional to n 2 + 2, where n is the refractive 
index (Steiner 1965)]. Similarly, any anomaly due to light scattering is 
expected to decrease the optical rotation (by depolarisation) rather than 
increase it. 
The positive rotation of kappa- and iota-carregeenan became more 
positive and the negative rotation of agarose became acre negative when the 
gels set. It is possible that this is due to formation of helices with 
opposite senses (see above). 
It should be possible to apply this method to pectin gels provided 
that glycerol is used in place of sucrose to make the pectin set. The 
provide a very high bacd rotation which might obscure 
- experiments on the effects of salts and other hydrophobic bond 
 :LY g points of gels was 	 ted by the 
L9) on the denaturation of MU using  
-to. i'hey have produced a table of anions with increasing power to 
re DNA and have ascribed this power to the weakening of hydrophobic 
•rida. The effectc of these salts on agar and agaroae gels paralleled 
hawing table, In which results 
- 	 -- 	
- 	 -;' 	 - .- . - -' - t, 	--. 
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Sodium salt used Melting Point of Melting Point of Melting Point of 
DNA in 411 salt 0.5% agarose gel 0.4% agarose gel 
(°) in 0.2511 açlt (°c) in 1M  
CM 
3 
 C007 25 65 Not set 
CNS 68 68 Not set 
C104 74 73 Not set 
I_ 76.4 67 Not set 
3r 89.1 81 70 
Cl 90 82 73 
Ck{ 3coo 83.5 81 83 
Further similarities are that, like DNA, agarose gels are 'denatured' by 
urea but less effectively than by trichloroacetate, thiocyanate, perohlorate 
and iodide. Hydrophobic bonding could indeed be important and this method 
should be applicable to pectin gels if the setting problem can be overcome 
2T tr.e:b 5. 7.5.. 	It :iInt be feasible with a fully eterif.ieci 
pectii 	i.Ji . olcc.l:r rQt ecauiie t. 	 e 
'rper melting point. There was little correlation for kappa- and 
a-carmgeenan, very likely because of complications caused by 
1 octrostatic effects; these were not serious for DNk presumably because 
and agerose were extremely 
LOW ,.,:. onoentrationa were used with 
polysaccharide gels so that they could be compared under the same 
nditiona. However, it should be possible to repeat the experiments 
rh kappa- and iota-oarrageenan, using salt concentrations 
Lh enouph to elj.ate 
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electrostatic complication. 
If sodium lauryl sulphate can bind hydrophobically to gel molecules, 
it will compete for the active Rites with other chains SO prey ting cross 
liiik4g at this point. In practice, the melting points of agar and methyl 
cellulose gels were not depressed by the addition of sodium lanryl sulphate; 
until a certain concentration of detergent was reached, the gels would not 
set • This all or nothing effect is not surprising as it has been shown 
that the melting point of a gel is not dependent to any great extent on the 
number of cross linkages by the fact that agar gels of different 
concentrations have very simflr melting points. Large depression of the 
melting point would only be expected when most of the linkage points had 
been broken. 
In eumeary, the existence of helices In plant cell walls or synthetic 
gels as linkage points between pectic molecules, has not been proved or 
disproved by the work In this chapter. However, two methods new to 
olysacchari.de chemistry have been investigated and appear to show promise. 
might be possible to detect helix formation during gelation by optical 
:tation changes and a study of the 'use of denaturants might give 
-. 	 .t.;_ct 	 resent, 
i;i.ate/EIY2A is effective because of its action on protein or polysaccharide, 
t it does seem to offer a new selective, mild method for the complete 
'+H' r) f ''4c' 
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BE CATALYSED FRAMMATION OF PECTINS AS A STRUCTURAL POOL 
Introduction 
Eaterified uronic acid units in polysaccharides are very susceptible 
to fragmentation when aqueous solutions are heated at neutral or al kaline 
r 11 . 	his is probably not connected with the 'peeling' reaction (Whistler 
and BeMiller 1958) which involves reucval of successive single sugar units 
from the reducing and of a polysaccharide chain under 0 bRl in conditions. 
Aiscat certainly, the main path is a 3.-elimination reaction which is 





   
F 
+ ROH 
zan place. Prolonged heating of the neutral pectin solutions produces 
r1ther peak in the ultraviolet spectrum at 265my- indicating that 
turted 	rnrounc of 	cras 	copurition 	niv  
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of reaction under the conditions normally used, i.., heating an aqueous 
polysacoharid.e solution buffered at pH 6.8 for about 2 hours, in smAll 
with cleavage occurring at only lC% of the available uxon.to eater unite 
(Alberaheim et a]. 1960) j this is partly due to competing de-esterification. 
The reaction has been successfully applied to the study of the structure 
of apple and other pectins (Northoote st al 1965 9  1967). 
izyn* oata].yeed eliminations are also known, for example, for 
hyaluronia acid (Linker IL 1956) ohondroitin su1pIate. (Linker g 
1960) alginic acid (Praise and Ashwell 1962) and pectic substances 
(Nacinillanj and Vaughn 1964). Although the specificity of enzyme reactions 
is often helpful in structure investigations, it may be inconvenient and an 
efficient chemical, method would be useful. An altermative method is needed 
and it seemed that if alkoxide was used as a baa., trsna-e8terffjaj4m 
rather than de-esterifjoatjon would take place. Model compounds of low 
molecular weight have been shown to undergo P-eliinixmtian when treated with 
methanolio sodium methoxide (Helm and Neukcm 1962). However, with compounds 
of higher molecular weight, for example, 2-1ydrozysthyl alginate which seems 
to consist entirely of 14 linked uronio acid derivatives (Hirst at al 1964, 
1965 Rees and Samuel 1967) there is no visible reaction. The addition 
of a water-scavenger, metbanolio 2 9 2-dimethoxyp&.opane 0' v/v) to the 
'noiy8acchaide before the addition of methoxide causes the reaction to 
occur to a considerable extent (Samuel 1967). This is measured by the 
sorptic*i at 235myt. and by positive reaction to thiobarbiturie acid. 
1or o.i L le piothcts of I:dS 	 shows the presence of a series 
Of 	 dt Iie uirav.t 	infrared band. characteristic 
5unsaturated esters. The absotjon at 23rni 	 or 
g.25 
- 
H 	 OFk 
a. 






borohydride reduction or on ozonoiysis (after which oxLlic acid dibydride 
is isolated). These observations indicate that -elimination, occurs as 
with the smaller molecules. Paper electrophoresi. indicates that 
partial de-esterifloation occurs during the reaction. 
The required stereochemistry for stexeoapeoific elimination is 
present In a gulopyranogyluronate but not in a mannopyranosyluronate unit. 
However, comparison of alginates containing the two types of unit in 
different proportions suggests that the reaction is not atereoapeoific. 
This has been confirmed because the methyl ester methyl ether of 
Leiocarpan A (Aapiiian and NoNab 1965) in which all the uronic acid units 
have the 'wrong' (o.f. D-glucuronic acid) configuration (see fig. 25) 
undergoes rapid reaction. 
roag' relationship between 	Correct relationship between 
4e( 	ro: 3 
- 
the mechanism. The ionisation of the proton at C5 is probably easy 
-• 	
mb i 	- 
-- - 
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mibstituent at C4. 
Lf the elimination reaction is prolonged, the peak at 235m 
progressively disappears and new absorptions at longer wavelengths take 
its place; this shows that unsaturated units analagous to those in fi g, 24 
are not the and products. Further elimination ought to cause the release 
Of these units which would ketonise, but no trace of z-keto acids have 
been found using paper chromatography or colour reactions. 
The average chain length of the product from this reaction is about 
four units. This value is obtained from the extinction coefficient at 
235mw. The conclusions from these experiments are that s- 
1. Extensive breakdown occurs an heterogeneous treatment with methanolic 
sodium methoxide, provided that a chemical method is used for the 
removal of bound water from the polysacobaride. 
Ion is not usefully sensitive to the stersochemistry  
l j O57]. unit. 
• ihe unsaturated product which is first formed dose not accumulate but 
aessibility effects at41ar to those which limit heterogeneous 
'lysia (Hang et a 1966). 
nature of the products from this reaction have not led to eny 
• 	• •inic acid. It has however, been of 
a now sugar (B) (MClea 1967) 
ioh may be a branched chain uronic acid from the slime polyaaccharide 
acherjchia coli £ 12. Treatment of the 2-h.ydroxyetbyl ester with 
, 	•ethorvrrc 	/etLic1/ 	 1 . 
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purification gives a fair yield of B. About 50% of the B units can be 
isolated as ao'ner if ethyl acetate is included in the reaction mixture, 
presumably because water, which is produced In aide reactions and would 
normally cause de-esterification, is removed by the formation of the 
acetate ion from ethyl acetate which is present In large excess, 
Methylation analysis of the polymeric residue confirms that there is 
little change in pol.yaaccharide structure apart from the removal of B and 
destruction of glucuronic acid units. This reaction provides the only 
method at present available for the isolation of uneubstituted B for 
investigation of its structure. Together with the fact (shown also by 
Roden and Markovits 196) that most of the urcnic acid may be recovered 
as 3-0-'D-'glnoopjranosyluronic acid-D-galaotoae, it establish s the 
sequence at most chain ends as B-glncuronic acid-galactose. 
The potential value of this method of polysacoha1ride fragmentation is 
well illustrated by Barrett and Northoote's (1965) work on apple pectin. 
'ie products of breakdown In sodium pbosphate buffer were separated into 
two distinct components, one of which is acidic and has a low molecular 
weight, while the other has a much lower ux'onio acid content and a high 
lecular weight. Assuming that random cleavage occurs, these results 
e interpreted in terms of a block type distribution of aide chains (see 
.t&. 26) 
eutral side chains 
1' 
am cz-1,4 linked 
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A random distribution of aide Ch4n would not acot for than results 
unless there were only a few very large ones. 
As there are few methods available for assessing the distribution 
of branch points, this procedure promises to find many applications. If 
degradation were complete, the aide chains could be isolated 'n4IvidnrilIjr 
to provide further evidence for pol.yaacoharide structure. Most of the 
aids chains which occur in pectic substances are mom acid labile than the 
uronic acid oont*lnl'g backbone and it is therefore difficult to estfl.h 
their size and detailed structure by ether nsthoda. Mustard pectin, for 
example, contains arabinofuranoee-.rjoli side chains which we readj]y 
resavi by sutohydxolyais or treatment with dilute acid. 
82. 
Eperimental 
4.1 Citrus pectin 
The citrus pectin (supplied by )r. J.W.T. Craig) used in the following 
experi.nnts was isolated from freshly cut citrus peel by cold water 
extraction followed by precipitation with ethanol. Exam intion of this 
pectin using free boundary electrophoresis showed that it was homogeneous 
GL - 10.8 x 10 5om2/s/y) in sodium tstraboxate buffer. 	he high mobility 
indicates a low degree of seterification. 
4.1.1 3-e1 Imiv*tjon of citrus pectin in sodium phosphate buffer (0.21, 
:T 6.8) 
Two samples of citrus pectin (300mg each) were dissolved in hot water 
(6g) and a hot aqueous solution (60nl) of sodium phosphate (O.2M, pH 6.8) 
was added; one sample was heated on a boiling water bath for 2 hours and 
the other for 20 hours • At the and of these time., the samples were 
cooled, dialysed against distilled water (five changes) for six dayu and 
freeze dried. The ultraviolet spectra of the undialysed samples were 
o recorded. 
________ 	 _______ 	 • 
hours 	250mg 	235 (4 	275 (w) 
hours 	1202g 	235 (a) 	270 (a) 





Sample 	Buffer 	 No. of Peeks Mobility (x 10 5cm2/ajy) 
2 hours Sodium tetraborate 	2 
	
10.5, 9.9 
20 hours 	0 	 R 	 1 
	
13.5 
4,1.2 Heterogeneous 3-elimination of citrus pectin In methanoljc sodium 
methoxide 
A methano]ic solution of sodium rasthoxide was prepared by dissolving 
sodium (500m9) In methanol (100m1) previously dried by vh1eg with 
2 9 2-dirnsthoxypropane (5n31) for 24 hours. All meth*nolio sodium asthide 
mentioned in this Chapter was used at this concentration unless otherwise 
stated. 
Two samples of citrus pectin (300mg each) were shaken with methanol 
(60m1) contR4-n4ng 2,2-d.im.thoxypropane (4.5m1) for 1 hour. Methanolic 
sodium methoxid.e (60m1) was then added to each and one sample was shaken 
for * hour and the other for 20 hours. At the and of these periods, the 
reactions were stopped by the addition of excess solid carbon dioxide; 
water was added and the solutions concentrated to remove methanol. The 
ultraviolet spectra of the samples were examined and the samples dialysed 
against distilled water for six days. 
ample Yield Ultraviolet yiin. (my 1 ) 
hour 110mg 230 (0) 	280 (a) 
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Free bomdarg  electrophoresis 
Sample 	Buffer 	 No. of Peaks Mobility (x 10 5c 2JL&) 
hour 	Sodium tetraborate 	4 
	
12.2 9 10949 7959 4.1 
20 hours 4 
	
13.0 9  10.99  7.09 4.7 
a. 
4.1 • 3 rji ion of the molecular state of citrus pectin degraded by 
sodium phosphate ni ng Sephadex (C-? 5) xel filtration 
A Sephadex (G-75) column (4,2 x 85cm) was prepared by the addition 
of a continuously stirred slurry of the previously swollen (in 0.].N sodium 
chloride) gel. 
A large sample of citrus pectin (750ig) was deaded using a method, 
identical with that in 4.1.1 and the product dialysed for six days ng.inst 
a large volume of distilled water. The freeze dried material (32mg) was 
dissolved in sodium chloride (0.1M, 10l) and applied to the Sephadex 
oolun as a layer on top of the gel, care being taken not to disturb the 
uxface of the gel. The material was eluted with sodium chloride (o.iii) 
:1ution and fractions (2m1) were collected; an aliquot (lal) of every 
• cond fraction was removed for analysis by the phenol/sulphuric acid 
'e jLS 27). 
B and C were obtained by b 1 HThg tubes 0-55, 56-135 and 
136-200 respectively. These samples were dialysed against distilled water, 
-~ eezo dried and their ultraviolet spectra examined. On hydrolysis and 
•mato&, all three samples were shown to contain the saw  
cars; gelsoturonic acid, galactose and arabinoee, there being lees 
- act'rnic acid in sann1e than in 1 or . 
ELTJTION DIAGRAJVt FOR CITRUS PECTIN DEGRADED WITH SODIUM PHOSFI LATE (pH 6.8) 
10 
COLORI1lETER 
READING (495 my.) 
-5 
TUBE flL1 BFJ 
60 	 120 	 180 
N) 
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Sp1. 	Yield 	Ultraviolet I4w1m (mr) 
A 	 3ug 	 250 (w) 
B 	 130ng 	 230 (in) 
C 	 20g 	 230 (w) 275 (ii) 
4.1.4 PrOParetion of the 2nhy4rox7ethyl ester o 	pei 	1947) 
An aqueous solution of citrus pectin (1%, 200n1) was passed through a 
column of IR 120 (uk) resin and the resulting free-acid form stirred for 
five days with ethylene oxide (25rn1). More ethylene oxide (2l) was 
at. 
added/the solution stirred for a further seven days. The neutral solution 
was dialysed against distilled water (five days) and freeze dried, The 
mobility of esterified citrus pectin in sodium tetraborate solution was 
7.2 x 10 50m2/e/v indicating that by no means all the available carbozyl 
groups were eaterified. (The mobility was at least twice that of most 
poly sac oharidee known to be neutral). 
4.1.5 Frnentatj.on of eaterjtied citrus pectin in sodium phosphate buffer 
A hot aqueous solution of eateritied citrus pectin (0.5%, 300nl) was 
added to an equal volume of a hot sodium phosphate buffer solution (0.2x, 
pH 6.8) and the resulting mixture heated on a boiling water bath for five 
hours. Samples (100il) were withdrawn J, 1 9 2 9 3, 4 and  5 hours after the 
start and immediately cooled, All the samples showed strong absorption 
: 	5m. They v 	1yaed against distilled water (five days) 
r?cT'(.  
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Free koMw electrophoresis 
Sample Buffer 	 No. of Peaks Mobility (x 10 5cm2Je/y) 
* hour Sodium tetraboxate 	2 10.9 9  2.6 
1 hour 3 11.4 9  6.1 9 2 9 6 
2 hours 3 12.2, 6.29 2.8 
5 hours " 	 3 13.49 6.6 9 3.5 
4,2 Tragacanthic acid 
Gum ?ragacanth consists of a soluble and an insoluble fraction. The 
soluble traction contains the tragacanthic acid which is extracted for 
examination as it possesses many of the typical features of plant pectins, 
e.g. a main chain consisting of a-194 linked D-galacturonic acid units 
interrupted by L-rhamnose, side chains containing D-xyloae and other 
sugars (Aapini1 and Baillie 1963). 
4.2.1 Extraction of tragacanthic acid from Gum nmmanth (Bailhi. 1961 
A sample of commercial Gum Tragacanth (20g) was stirred with water 
(2 litres) for 12 hours, stood at 0°C for a further 12 hours and finally 
::tirrej again (12 hours), The resultant viscous mixture was passed 
rough a 'Sharplea Super Centrifuge' (eight times) and the supernatant 
Juted through a colwmi of mixed resins (IR 120 (H f) and IR 4B (on)). 
he solution was concentrated (1 litre) and then stirred for 12 days in 
e presence of ethylene oxide ( 125in1). As the solution was neutral after 
is time it was dialysed against running tap water (seven days) and freeze 
:riect (79). 
LLnti& CiJ 	 tLr fiohraanthic acid 
( 	 - 5.2 x 105cm2/s/v) 
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by free boundary electrophoresis in sodium tetraborate buffer showed the 
presence of a small amount of contaminating neutral material 
( - 3.5 x 10_50m2/s/y). The addition of acetone (600nl) to an aqueous 
solution of this mixture, precipitated the esterified tragacanthic acid 
(55g). The neutral material (0.2g) was precipitated after the addition 
of more acetone (1200ml), 
4.2.2 P-elimination of eaterified tragacanthic acid in sodium phosphate 
buffer 
A sample of esterified tragacanthic acid (ig) was dissolved in water 
(200nl) by heating to 1000C. Sodium phosphate buffer (0.2M. DR 6.8: 
200m1) was added and the solution heated for 20 hours on a boiling water 
bath, Aliquots (60m1) were withdrawn after J, 1 1/4 9 2 9 39 4 and 20 hours 
and were immediately cooled. They were dialysed against a large volume 
of distilled water for 6 days and freeze dried. 
Sample Yield Ultraviolet I11 ' 	 Cm y) 
1 1/4 hours 140mg 235 (vw) 275 (vw) 
20 hours 	120mg 	 235 (m) 	275 (m) 
Free boundary electrophoresis 
Sample 	Buffer 	 No. of Peaks 	Mobility (x 10 5cm2/s/vj 
1 1/4 hours Sodium tetraborate 	2 	 5.9, 4.0 
20 hours 	 01 	 2 	 8.0 9 5.0 
ME 
4.2.3 Heterogeneous 3-elimination of esterified tragacanthjc acid in 
inethanolic sodium methoxide 
The method employed was similar to that described for citrus pectin 
in 4.1.2, the reactions being stopped after 1 hour and 20 hours. 
Sample 	Yield 	Ultraviolet NR.rim (m) 
1 hour 	235mg 	 - 
20 hours 	230mg 	 280 (m) 
Free boundary electrophoresis 
Sample Buffer 	 No. of Peaks Mobility (x 10 50m2/s/v) 
1 hour Sodium tetraborate 	1 59 
20 hours 2 6.19 4.1 
4.3 Mustard pectin 
The mustard pectins used in the following experiments were those 
extracted from non-germinated and germinated seeds by Dr. 1 .G. Richardson 
and Dr. S.E.B. Gould respectively, using the method described in 1.2.1. 
As was shown by the results in Chapter 1 9 they contain a mixture of at 
least two acidic and one neutral polysaccharide. 
4.3.1 	mlntion of N in sodium phosphate buffer 
3-elimination was attempted on an aqueous solution of N (0.5%, 100ml) 
by heating it with sodium phosphate buffer (0.2M 9 pH 6.8) at 1000C for 
* hours. The ultraviolet spectrum of the resulting solution showed no 
absorption at 235 or 275rnt 
89. 
4.3.2 Heterogeneous 13-elimination of N in methanolic sodium xnethoxjde 
A sample of N (0.5g) was shaken with methanol (loci) contaim4nig 
2,2-dimethoxypropane (7.521) for 20 hours. Methanolic sodium methoxide 
(10i) was added and the mixture shaken for a further 20 hours. The 
reaction was stopped by the addition of excess solid carbon dioxide, 
water was added and the methanol removed by evaporation at reduced 
pressure. The sample was treated with 1K 120 (E) resin to remove 
sodium ions and the ultraviolet spectrum recorded (very week peaks at 
235m )k and 278mp). 
4.3.3 Preparation of the -2- %ayetbyl ester of N and G (i.e. NE and 
GE) using ethylene oxide 
Sample. of N (4g) and G (ig) were stirred with water (201 and 50z1 
respectively) for four hours and E11A (4%) added (200i1 and 501 
respectively). Both solutions iaediately became clear and were passed 
through a mixed resin coli (1K 120(H) and 1K  45 (01)) and were 
concentrated to their original volumes. Jthylene oxide (48m1 and 12m1 
respectively) was added to the two solutions (pH 3.0) with shaking and they 
were left to stand at roan temperature for six weeks with occasional 
stirring and further additions of ethylene oxide. Both solutions (pH 3.8) 
were concentrated to half their original volume and further ethylene oxide 
(24nl and 6.1 respectively) added. After 24 hours the pH of both solutions 
had risen to about 5.0 and they were then dialysed for four days against 
distilled tap water (yield :- NE 3.53g, GE 0.509). Ultracentrirugation 
of solutions (1%) of the two samples at 185,000 g produced only one slow 
moving peak in each, the fast aeMu'nting components of N and G being 
absent jee 1at 	hind ,5). 
Ultracentrjfugal examination of N during eaterificatjon 
An aqueous solution of N (lv, 21m1) was passed through IR 120 (?) 
and IR 45 (0E) resins to remove ions. The solution was Concentrated to 
its original volume and divided into three equal parts. One portion (I') 
was sterilised by the addition of phenol (0.079). i1hylene oxide (0.9ml) 
was added to anotherption (E) and the third sample was left unadulterated. 
The samples were left to stand in sealed tubes, aliquots (lml) being 
withdrat,n after 1 9 2 9 49 7, 14 9 28 and 44 days. As both phenol and 
ethylene oxide (l4eyneU and MeyneU 1965) are excellent bacteriocidal 
agents, the possibility of bacterial degradation in those samples was 
discounted; however, the unsterilised sample rapidly became infected and 
was discarded. 
Before examination of samples P and E by ultracentriiugatjon (185 9 000 g) 
they were neutralised by the addition of saturated sodium bicarbonate 
solution (2 drops). Initially, both P and E gave very similar sedimentation 
diagrams (see Plate 36) but after 44 days both peaks present in E were 
very much slower than the peaks in P. Both of these solutions were then 
dialysed against running tap water for two days whereupon S produced one 
slow-sedimentiug peak which corresponded to the slow moving component in 
P. There was no trace of the fast moving peak in S (Plate 37). 
4.3.4 Small scale0-elimination studies on NE using methanoijo sodium 
methoxide 
AU the 3-elimination experiments in this section were carried out on 
}E (50ng) using the procedure described in 4.3.2 with correspondingly 
scaled down quantities of reagents. The various rnodificstion of this 
LATE 34 
Top : NE 
Bottom : N 
55 
ç : GE 
 -tto: N 
 




Pop : P 
Bottom: E 
Time : 50 min. 
PLATE 37 
Top £ 
Bottom : P 
Time : 22 min. 
PLATE 38 
Tops NE.9 
Bottom 	Arab (i) 
Time : 49 miii. 
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Procedure which were attempted are as follows :-. 
1. Standard methanolic sodium nethoxide 
This was carried out using the procedure described In 4.3.2 and the 
results were used for comparison purposes. The product (yield 33mg) 
from this experiment had a arrA&II absorption nistrimum at 230m j; 
comparison of the extinction coefficient of this peak with values 
obtained by Macmillan and Vaughn (i%i) shove that the average degree 
of polymerization of the material is about 90. 
2, Nethanolic sodium methoxide and ethyl acetate 
In this experiment, NE was suspended in methanol/ethyl acetate 
(4:1 v/v) cont.intng 2 9 2-dlmethoiypropane (1. 5m1). The methanolic 
sodium methoxi4e was added in the usual manner. The freeze dried 
product (36mg) had a similar degree of polymerisation to that in 1. 
An experiment carried out using the same reagent. at 400C gave 
similar results. 
3 • Metbanolic sodium metboxide (high concentration) and ethyl acetate 
The same solvent system was used as for the previous experiment, 
but the methanolic sodium methoxide used for the -el(mi'tion had a 
much higher concentration (sodium (0.509) dissolved in methanol (20m1) 
containing 2,2-dixaethoxypxopane (1.5nl)) than was normally used. Th e 
freeze dried product (41mg) again shaved (from the ultraviolet spectrum) 
t 114 1 	 ;i 
4. 
amp1e of li (5009) was treated with methanol (40m1) containing 
92. 
(lOmi; high concentration, as prepared in 3.) was added and the 
mixture shaken for 48 hours. The sample was worked up in the usual 
manner (yield 28mg). The extinction coefficient of the peek at 225mt 
indicated a degree of polymerisation of about 40. 
A few drops of an aqueous solution of BE were placed on a 
transparent disc of silver chloride and the water evaporated under 
vacuum, The infrared spectru of this sample was recorded after 
equilibration in a continuous stream of nitrogen saturated with 
deuterium oxide to shift the water peak at 1720cm which would otherwise 
have obscured the carboxylate absorption. This showed that the sample 
was still highly esterified, 
4.3.5 Homogeneous P-eliminAtion of NE and GE using methanolic sodium 
inethoxide 
Samples (200mg) of NE and GE were dispersed in di.methylsulphoxide 
(iOml) by sh1dng for 24 hours, 2 9 2-dimethoxypropane (lal) was added and the 
solutions shaken for a further 24 hours. Methanolic sodium methoxide (5m1) 
was added and the samples were shaken overnight. The solutions were 
neutralised by the addition of excess solid carbon dioxide and water (5Cn1) 
addoi. They were then passed through IR 120 (R) resin and concentrated 
to their original volume (10ml). After addition of more dimethylsuiphoxide 
(lOal) fractional precipitation was carried out by the addition of small 
tlL uota of methyl ethyl ketone; after excess (l2Cni) of this had been 
ad 1 and no further material could be precipitated, the solutions were 
cv'poratod to dampness urer high vacuiri to jivo friction (11). 
93. 
Fraction Volume (ml) of methyl Weight (mg) 
ethyl ketone to precipitate NE 	GE 
1 14 1.0 	trace 
2 20 
- 	 1.0 
3 24 - 	 2.0 
4 28 - 	 - 
5 32 20.0 	2.0 
6 36 1.0 	2.0 
7 40 0.5 	2.0 
8 48 3.0 	3.5 




11 about 10 
138 	123 
Ultracentrifugation (330,000 g) of fraction NE 9 produces one peak 
which sediments at a rate slightly slower than that of mustard araban 
showing that it may have a low molecular weight (Plate 38). 
Some of the larger fractions were examined by hydrolysis (foio acid, 
45 v/v) and paper cbromatograpby (Table 9) with solvent A. the spots being 




Fraction Gal acturonic Galactose Glucose 	Arabinose Xyloee Rhamnoae 
Acid 
NE 	5 - - - 	 - ++ - 
7 trace ++ - 	 trace trace 
8 ++ ++ - 	 ++ +i+ + 
9 ++ + - 	 +--s + + 
10 ++ trace - trace trace 
11 trace + - 	 9+ trace 
GE 	5 - 4-f - 	 + ++ + 
7 trace 4-f - 	 + ++ trace 
8 *+ ++ - 	 ++ ++ trace 
9 i-i- + - 	 +++ trace trace 
U trace + - 	 ++ trace - 
The Infrared spectra of deuterated films of fractions NE 9 and GE 9 
shoved that there was little de-esterification. As a precautionary 
measure, the material was re-eaterified before repeating the P-elimination 
Procedure. FrSCtiOIIf NE 9 and GE 9 were methyl esterified by a]rfng them 
with a solution of diazometbane in ether (+ 10% methanol) for 2 hours. 
Diazoinethane was prepared by the gradual addition of a slurry of 
p-tOlylsulphcnylmethylnitroaamjde (bog) in ether (50t1) to a heated mixture 
of potassium hydroxide (30g) ) water (50ml) 2-ethoxyethanol (175mb) and ether 
(50mb); the diazometbane being obtained as a solution in ether by 
distillation. 
The methanol, ether and excess dJ.azomethane were removed by evaporation 
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and both samples were subjected to a further 13-elimination reaction using 
the same conditions as described above. Fractional precipitation was 
carried out on the product dissolved in dmetby1aulp}xride (5m1). 
Volume (ml) of methyl 	Weight (mg) 
ethyl ketone to precipitate 	NE 	GE 
	
5 	 1.0 	4.5 
15 	 36.0 	35.0 
25 	 - 	- 
The entire esterification andft-elimination procedure was repeated again 
and gave the major fraction (NE 9.0mg; GE 15mg) on the addition of three 
volumes of methyl ethyl ket one • The above series of experiments was 
repeated to check the results and comparable yields were obtained at all 
stages. Test experiments in which NE and GE were precipitated from 
diethylsulphtde solution by methyl ethyl ketone (under 1 volume) have 
confirmed that the degraded material has a much lower molecular weight 
than either NE or GE. The pectins required a similar volume of methyl 
ethyl ketone to precipitate them from solutions In dimetbylsuiphoxide. 
4.3.6 Effect of the 3-elimnation conditions on mustard araban 
A sample (100m9) of araban from non-germinated seeds was subjected to 
the procedure described in 4.3.5. The product was precipitated from 
d.imethylsulphoxide solution (lOml) using methyl ethyl ketone. Theae 
results were checked by precipitating undegraded araban from 
dimethy1sulphixide solution (10m1) using methyl ethyl ketone. 
9-2 
Volume (ml) of 





















The similarity between the two fractionation patterns indicates that 
no degradation of the araban has occurred. Most of the araban in either 
sample was precipitated by the addition of 2.5 volumes of methyl ethyl 
ketone, whereas the degraded NE and GE samples required between 2.5 and 
4.0 volumes to precipitate them. This suggests that the degraded material 
has a lower molecular weight than the araban and this is confirmed by 
ultracentrifugati (see Plate 38). 
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Discussion 
Fragmentation in meutral buffer using the methods of Albershelin et al 
(1960) and Barrett and Northoote (1965) has been applied to three 
representative pectic polyeaccharidee. This procedure has been compared 
with a new method involving heterogeneous 3-elimination with sodium methoxide. 
The degradation of citrus pectin using sodium phosphate produced 
absorption at 235mp. and 270m representing increasingly conjugated 
degradation products (Albersheim et a]. 1960). Prolonged treatment with 
sodium methoxide gave further conjugated products and a much reduced yield 
of non-dialyzable material. There was a 77% reduction in weight using this 
method while the corresponding loss using sodium phosphate was 60%. It 
would appear that sodium methoxid.e produces more extensive degradation. 
The electrophoretic mobilities of the material from both procedures 
increased to a limiting value (13.5 x 16 5cm2/s/v) after 20 hours' reaction, 
confirming that the degree of eaterification drops during fragmentation 
and it in probable that this causes the reaction to .3.0w down. Gel 
filtration produced an elution pattern st11x to that of Barrett and 
Northoote, with two main fractions, a minor and relatively neutral 
component and an acid-rich fraction. The production of material poor in 
uronio acid is confirmed by the free boundary electrophoresis results. 
It seem that citrus pectin, like apple pectin (Barrett and Northoote 1965) 
riight contain the neutral aide chains grouped in blocks and complementary 
re!io'na of main chin which are free from branch units. 
sterificat ion of citrus pectin (8e) of the uronlo acid groups 
already existing as the methyl ester) using ethylene oxide, was carried 
out in an attempt to increase the amount of fra.entation before 
CIT 
de-este:rification causes the reaction to atop. This did not appear to 
be successful as even after short treatment with sodium phosphate, the 
material had regained its originkl mobility thereafter increasing more 
slowly to the limiting value. The 2-hydroxyethyl group would appear to be 
more easily removed during the reaction than the methyl group which exists 
in the natural pectin. 
The success of either method was not nearly so marked when applied 
to acidic polyaaocharides which are highly branched. In the case of 
tragacanthic acid (40% uronic acid) which does not possess the blocks of 
L-srabinose units present in citrus pectin, these being replaced by 
numIrous short side chains which contain D-xylose and sometimes L-fucose 
units, neither method achieves extensive breakdown as judged by the yield 
of non-diaiysable product. The peak (very minor) with low mobility 
(3.5 x 10 5om2/a/y) observed during free boundary eleotrophoresia of the 
eat erified tregacanthic acid, is a contaminating neutral component not 
completely removed by fractional precipitation. However, during prolonged 
treatment with sodium methoxide or sodium phosphate, it increases in size 
and mobility, suggesting that there might be a degradation component formed 
in a a1'nilar manner to the low mobility components in citrus pectin. 
Mustard pectin is similar to tragacanthic acid In that it has a low 
uronic acid content (25%) and a high degree of branching. The postulated 
structure (Gould 1965) is :- 
VM 
ga]L 1,4 gall 1,4 a1Jt 1,4 9a1A 1,2 rha 
3 3 3 3 
1 1' 
1 1 1 
Z z z z 
where Z xy1opyranoee wilts or large blocks of arabinose units with 
structure similar to that of mustard araban. 
The aim of the experiments with this polyeaccharide was to break the main 
galaotux'onoayl chain into as many pieces as possible and 80 characterise 
the aide chains. Cleavage of every 9a1A 1_/ 4 gaW linkage would 
give the 'araban' blocks as the largest fragment to survive this process. 
It may be calculated from the methylation results of flr. S.LB. Gould (1965) 
that the average size of the side chains is about ten units or about a 
quarter of the size of the neutral araban; each araban aide chain would 
still be attached to one unsaturated galacturonic acid residue. 
None of the previous methods of 3eUn1nstion produced any significant 
degradation as judged by the low ultraviolet absorption maxi ma at 235m). 
and 27k. 
A successful fragmentation procedure was found in which the eaterified 
pectin was dispersed in dry d.imethylsulpboxide before treatment with sodium 
methoxide. It was confirmed that the procedure did not cause degradation 
of the side chains themselves, by subjecting the araban (which contains no 
D-galscturonic acid units) to this procedure. The starting material was 
recovered from the dimethylsuiphoxide solution by the addition of the same 
volume of methyl ethyl ketone as was required by the untreated araban. 
The major fraction after fragmentation of both mustard pectins had a 
Slightly smaller molecular weight than mustard araban. On repeating 
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treatment with base however, further degradation occurred whereas the 
araben itself was stable. This suggests that the fraction consisted of 
a series of short arabinose-contajnjg side chains attached to a fragment 
of galacturonan main chain, and therefore that the side chains themselves 
are considerably Bm.11er than the araban. This qualitative confirmation  
of the estimate from methylation results is welcome because the latter is 
subject to considerable error from undenethy1ation and other sources. 
Any simple biological relationship between the neutral araban and the 
araban side chains, such as was considered earlier (Hurst, Bees and 
Richardson 1965) would therefore now seem to be unlikely. 
There was no noticeable difference between the pattezn of products 
from N and G; similar yields of precipitate were obtained at each 
concentration of methyl ethyl ketone and when retreated with sodium 
methoxide, each major fraction again degraded to a BImIlr extent • This 
suggests that there can be little difference in the distribution or degree 
of branching between the two pectins. 
Treatment of the tree-acid form of mustard pectins with ethylene 
oxide to produce the 2-hydroxyetbyl ester caused the disappearance of the 
fast sed1mnting material (ultracentrifuge), There are two reasonable 
qXPISMa on for this effect :- 
1, There may be degradation of the larger, fast aeMinnting material by a 
franentation reaction sfmflar to 3.-elimination with ethylene oxide or 
ethylene glycol acting as a nucleophile. This is difficult to envisage 
at low pH although a precedent does exist in Helm and Neukom's (1962) 
report that diazomethane will cause this type of degradation, 
2. A second and less likely explanation is that the fast sediffienting 
101. 
material ma' be an aggregate which dissociates upon esterffication. 
The reluctance of mustard pectins to esterify could then be explained 
as the aggregates would not be readily accessible to the ethylene oxide. 
However, the fast sediinentin.g material is still present when a solution 
of 11 In 1IYZA ( 2%) is examined in the ultracentrifuge; there being 
sufficient EIYZA present to swamp any ionic Interactions that may occur 
and to remove divalent cations that might cause aggregation of the type 
noted earlier (Greenwood and Matheson 1956). 
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G1IRAL M1HODS OF BIVESPIGATION 
Ultracentrifugation (Sciacm 1959) 
A Spinco Model E analytical ultrcerrtrifuge was used for this work. 
The solution was contained in a sector shaped cell clamped between two 
quartz discs and held in a cylindrical housing. The optical path length 
through the cell was either 12iiz or 30na. The force-field chosen for any 
particular ran was the maximum available under the given conditions. The 
solvent system used were sodium phosphate (0.033M 9 pH 6.0) sodium chloride 
( 0.1511) and sodium chloride (0.15M) contain{ EJYA (2%, pH 7.5). 
Sedimentation coefficient., 5, were calculated using the equation :- 
S - 2.303 d log (7.3 - 
CO 2 
	dt 	N 
where x is the distance (cia, measured from photographs using a Pye 
microcoinperator) travelled by the soblieren peak in a given time t, (3 is 
the velocity of angular rotation and M is a correction factor due to the 
magnification of the optical system. 
Free Boundary Electrophoresis (reviewed by Alberty 1948) 
A Spinco Model H .eotrophoresie-Diffusion instrument was used here 
to examine polysaceharide samples for heterogeneity. The ilmi cell was 
used for all the quantitative work while the 80n1 cell was used 
preparatively. 
The apparatus is designed 80 that the field strength, E, is greatest 
in the cell; the erose sectional area, q, being least there. The field 
strength can be calculated from the equation :- 
qK 
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where I is the current (amps.) and K is the specific conductivity of the 
buffer. 
The value for the field strength for a given buffer has to be chosen 
(by varying the current) so that there is not eaough heat generated in the 
cell to cause convection and hence destruction of the boundaries. Great 
care has to be taken that the temperature of the cell and buffer vessels 
are at the same temperature (400 as the water bath before electrophoresis 
is commenced. 
The two buffers used throughout this work are sodium tetxftborate 
(0.5M, pH 9.2) with E - 6.5 v/cn& and a maximum current of 16mm., and 
sodium phosphate (0.033M, pH 6.0) with E - 8.5 v/cm (mr1n'am current lOins.) 
the latter being prepared by the addition of 1/3i sodium dihydrogen 
phosphate (9 litres) and 1/30M diaod.ium hydrogen phosphate (1.125 litres). 
The electrophoretic mobility, , of a peak produced during 
electrophoresis is calculated from :- 
)1 Lx/t 
E 
whereh x is the distance (cm) travelled by the peak in time t (secs.). 
The peak which is present in all the rime and marks the position of 
the boundary before electrophoresis is begun, is caused by a buffer 
concentration change at this point. This peak unfortunately obscures 
the presence of neutral material (immobile) in non-complexing buffer systems. 
Some plates In the text will contain two almost identical (mirror image) 
patterns and this is due to the fact that it is possible to photograph both 




Cellular material was suspended in sulphuric acid (7 w/v) and shaken 
until it dissolved. After dilution to 2.ON with respect to acid, the 
solution was heated at 1000C for 4 hours, neutralised with calcium 
carbonate, filtered and concentrated to a syrup for examination by paper 
chromatography. 
Samples were also hydrolysed with formic acid (45% v/v). The solutions 
were heated in sealed tubes at 1000C for 16 hours and could then be used 
directly for chromatography as the formic acid evaporates. 
Carbohydrate Content (Dubois et a]. 1956) 
Sugar solution (lal) was placed in a test tube and aqueous phenol (lml, 
5% w/v) added. Concentrated AnalaR sulphuric acid (5m1) was added from a 
fast delivery pipette so that the solution boiled. When cool, the optical 
density of the solution at 495my.  was measured with an EEL Colorimeter or 
Unlearn SP 500 Spectrophotometer and the amount of sugar present obtained 
by reference to a calibration eurv-e for a. standard solution of the 
appropriate sugar. 
Concentration of Polysaccharide Solutions 
This was carried out under reduced pressure at 40°C or less using a 
rotary film evaporator. 
Dialysis 
Solutions were dialysed in a cellophane tube against distilled or 




This was carried out in a pyridine/acetic acid buffer (o.ai) at pH 6.2 
with a voltage gradient of 14 v/cm, picric acid and glucose being used as 
markers. 
Germination of Nuatard Seeds 
A single layer of seeds was spread out on a double thickness of 
Whatman 3I paper supported by a stainless steel tray. The ends of the 
paper sheets were allowed to dip into troughs of water in which the water 
levels were not more than 2cm below the level of the sheets. The whole 
apparatus was left in a dark room at room temperature for four days 
(Gould 1965). 
itrogen Jetermination 
A semi-micro modification of the Kjeldahl method was used (Belcher 
and Go1bert 1954). 
Optical Rotations 
These were measured at room temperature using a 1dm polarimeter tube. 
Paper Chromatography- 
Qualitative chromatography was carried out using Wbatman No.1 and NO-4 
papers. The solvent (solvent A) used was ethyl acetate/pyridine/water 
(10:4:3) and the chromatograms were developed using a p-e.nisidine 
hydrochloride spray (prepared by dissolving p-anisidi.ne hydrochloride (3%) 
in water saturated butan-1-ol containing a trace of stannous chloride) and 
heating in an oven at 11000  for 5 minutes. 
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Uronic Acid Content (Stark 1950 ) 
Sugar solution (imi) wee placed in a test tube, cooled in iced water 
and concentrated A1R sulphuric acid (6m1) was added. The solution was 
heated in a boiling water bath for 20 minutes, cooled and an alcoholic 
solution (0.1%. 0.2a1) of carbazole was added. The sample was allowed to 
stand for 2 hours and the optical density at 5302& measured. The amount 
of uronio acid units present was obtained by reference to a calibration 
curve for a standard solution of the appropriate sugar. 
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11E part that the plant cell wall plays in growth has 
boon discussed very thoroughly by plant biologists in 
recent years'. Much of the speculation and experiment 
has stemmed from the hope that wall extensibility, 
which must play a major part in cell growth and which 
may have a controlling influence on it, might be adjusted 
through one sot of molecular interactions. 'Cross-link-
ages' between poetic components of the wall have often 
boon suggested to have this kind of key role; a discussion 
of the molecular interactions which could exist between, 
poetic polvsaceharidos in the coil wall is therefore given, 
here from it chemical point of view togothen with it  pro-
liminiary account of a chemical approach to nhn iitvestiga-
tion, of those interactions in one system. 
The possible nature of the association betwon, pectin 
i,ioltwinlos ii, thin cell wall is suggested by the gels that thos,, 
sui)>stantnos form in ritro. Such gels contain a network of 
mnacrojuolonu Ins that. is cross-linked at various points; the 
number of cross-linkages need only be small, provided 
they are strong onotigh to withstunicl disruptive toreos 
such as osmosis and eou,lombic repulsion. The presence 
of repulsive forces is necessary if the gel is to exist in a 
swolloni state. When the galactuironic acid units are 
mothyl-esterifiod, gels can be formed in the presence of a 
high concentration of a low-molecular-weight, solute such 
as sucrose, glycerol or ammonium sulphate". Minor 
changes in molecular structure can prevent gelation', 
suggesting that the cross-linkages are secondary valence 
forces between i parallel 1)01 ysace harido chains that eontai it 
largo numbers of consecutive methyl gnlactiiuonato untits 
in close contact. The strength of the association itt this 
type of gel is probably, therefore, affected by the distribu-
tion, of the methyl galacturoniate units available for 
bonding (that is, not carrying arty other substituenti). 
Gel formation can occur whet;h91- or not ost,orificntioi, 
is complete', but a proportion of any non-esterified ninnits 
must occur largely in the rlu,(lisaociated state, or in 
association with divalent cations (see following). The 
gel must be stabilized by the presence of solutes which 
presumably act, in large part at least, by diminishing 
the osmotic pressure which would otherwise be disrupt-
ive. 
A different type of gel formation occurs in vitro in the 
presence of divalent cations such as calcium when the 
polysaccharido is do-esterified to a sufficient degree. 
Although charge neutralization might be one factor in 
the mechanism, it seems likely that other effects sucli as 
hydrogen bonding between chains and/or co-ordination 
of the cation by hydroxyl groups are also involved. 
Otherwise it would be difficult to understand why partial 
acotylation should affect gel formation'', why cation 
binding should be influenced by the stereochemistry of 
the uronic acid units 8, and why acidic polysaccharides 
such as polysaccharide sulphates should not form gels 
with divalent cations. The strength of the association 
in this type of gel is dependent on the intermolecular, 
and possible intramolecular, distribution of ionized 
tironic acid units. 
Neutral sugars occur in two typos of covalent combitut-
tiot, in galacturonans. Units of rhaninose, and possibly 
of other sugars, occur (normally in small amounts) as 
interruption,, ill the galacturonait chain; without a more 
detailed understanding of the storeoeliomistiy of the 
secondary bonding involved in cross-linking, their effect on 
gel properties cannot be predicted. The second type 
is in side-chains which are sometimes very large; it 
appears that they can often be isolated by degradation 
of the galacturonan chain with alkali' 0 . Those side-chains 
would be expected to prevent the alignment of galac-
turonan chains, and polysacchiaridos with numerous such 
sido-chains might lose the capacity to form astable gel 
structure in the cell wall", or to do soby different mochait-
isms. A number of plant shimos appear to be examples 
of this typo. These are laid down in cell walls, often 
associated with cellulose mnicrofibrils". In water they 
swell to such an extent that the cell is burst; but this 
effect is not observed if the water contains solute to 
diminish the osmotic pressure sufficiently. The swelling ig 
might be due to an inability to form a compact gel 
structure, owing to the lack of strong inter-chain binding 
between the molecules. The shines seem often to coittiliti 
a high proportion of neutral sugar units in the main 
galacturonan' chain, numerous short side-chains also 
being present (for example, cress seed" and linseed" 
mucilages). A similar effect of increased branching in 
preventing alignment and aggregation of polysacchari do 
chains has been noted with certain arabinoxylatis". In 
the 'normal' poetic polysaccharides that have so fat' 1)001, 
thoroughly studiedbo ,10 .t?, relatively few side-chains occur 
(although this proportion seems rarely to be negligible). 
and the continuity of the galaeturonan chain is less inter-
rupted by other sugar units. 
'I'Iiis brief discussion of the chemistry of poetic. Sill)-
stances ilidicatos the way in which these molecules are 
likely to be associated in the middle lamolla and perhaps 
also ill the cell wall proper, though here especially their 
associationi might be lno(iitiod by the presence of other 
typos of inolocu Ic. Tin fact that naturally occurring 
poetic substances are oftoir highly ostorihed' 8 suggests 
that association via methyl-esterified galacturonie acid 
-1-its might sornotinws he important. The polysaccliar ide 
molecules might be synthesized and laid down such that 
there is a higi icr proportion of intermolecular relative to 
intramolecular cross-linkages than can be achieved in 
synthetic gels. The structure might not then riced to be 
stabilizo(l to exist, as it must in vitro, by the control of 
solute concentration, pH amid/or cations present. Even 
should osmotic stabilization he required, it might be 
providoti by other -,Ill components such as (lilferolit 
polysaccharideslo. Calcium, and perhaps other eations, 
probably participate in the natural cross-linking of l)ectie 
polysacehuridos. This is suggested by the macoration 
mid improved extraction of poetic substances that is 
brought about by chelating agents and agents that p-
cipit.ato calcium ions 202 ' and by the co-occurrence of 
calcium and poetic substances in the same region 2022 . 
Such 'cation bridges' might add extra stability to a 'mothyl 
ostor linked' gel, or function independently. The presence 
of covalent ester linkages between wall polysaccharitlos is 
another possible typo of cross-linkage to be borne in mind. 
There are therefore many typos of molecular change which 
would alter the association between poetic substances 
En ro'u. including changes in the molecular distribution of 
acetyl and methyl ester groups and neutral sugar units. 
Although the metabolic control of extensibility could 
conceivably be achieved through only one of these. it 
is equally likely that the situation is more complicated. 
no discussion presented here has been simplified by 
considering only the association between poetic poly-
saccharides, and no attention has been given to the role 
of other wall components which might indeed be more 
important, especially in some species where the concentra-
tion of poetic polysaccliarides is very low 20 . 
Against this background. we have undertaken a chemical 
study of the poetic polysaccharides of white mustard 
cotyledons, to look for n ioioc ii lar changes which might 
correlate with biological changes in the cell walls (luring 
germuinationzo , u. TIme lmctic extract was readily sepinratod 
into a neutral araban and a mixture consisting chiefly of 
acidic polysaccharidcs 24 . Several types of structure are 
consistent with the results of structural studies on the 
imrahan, but it is only relevant here to give one of them 
(Fig. 1). The other possibilities contain the same struc-
tural units in liii' same proportiomis. but difbr ill I lie way 
it which the units are arranged. After germination, the 
araban was present in srn&kr amount and met hylat.ion 
in talysis coupled with quuttt itative gas cli ronhat ogi'aphy 
showed that the proportion of branched units in the 'maui 
chain' (Fig. 1) has diminished from 56 to 40 per cent 
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of the types of structure consistent with present evidence 
The acidic polysaccharide fraction is very complex and 
contains several components which appear to be related 
in that they give similar mixtures of sugars on hydrolysis. 
'I'Iie main structural features indicated by exporunents 
on the mixture are shown in the form of a composite 
typical molicuk (Fig. 2). The average degree of branching 
is quite remarkable, and might be related to the observa-
tion tlutt the cotyledon cell walls appear to swell ivii'ketlly 
at I lie onset of' geriaivatioit (of. tli' (lis('IIssjoli of plant 
sijittes liei'e ). One ol I lie acid ic poetic oomnpuiteitts sh owed 
a Spilciho tendency to aggregate ill I lie preseitco ol low 
concentrations of calcium ions, with the tormnation of al l  
insoltmi,lo gel. This behaviour was most convcnieiitly 
examined using the tiltraceittril'uge. 'I'm' relative concen-
tration of this aggregating conipotulit imicreasod very 
iniieli during the germination pried. 
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where Z is 1) - Xyli ... or highly hritilelIl'd Sid('O'tlalns containing iIiIy 
urabtuose unit,, perhaps resembling the neutral araban shown in Fig. I 
Fig. 2. Structural units present in the mixture of acidic polysarcharirirs 
front mustard embryo 
The gotioral conclusions to be (Irawli from these experi-
uiwnts are as follows. During the early stages of gormuina-
tioli, the poetic polysacch a rides in the cotyledons remain 
little changed ill terms of' total amount present. sugar 
(:OnLpositioiL On hydrolysis—and even in elect rophoretic 
mobility which implies similarity with respect to such 
prop&'rt it-s as charge density and perhaps degree of esti'i'ifi-
cation. Dramatic changes are only revealed by more 
clot ailed examination of the chemistry of the wall coin-
poltents. Thit, arahttit. a highly soluhtm' polysaccharide 
which by analogy with other systerni would he expected 
have to  lit t iv capacity for i lit ermitoleci iliii' hoiidmng, de-
('r('aSos in i1.mnOiIi ii iIIii'ii tg gemini mit ire i I o abet u, oi Ic-
third of ' the original level. At the snow hub', the degree of 
toni tel iii tg is d iiitim ii sit ' I M id thet ol'ore Ill ' capacity for 
cross-liiikiitg of' tlii' tI'iL('tiOli of mU'ttblLht that i'eIilaiitS is 
probably increased. The acidic polysaccharides (very 
much the major pectic components) change in such a way 
that they would appear by their aggregation behaviour to 
have an increased capacity for intermolecular bonding 
by 'cation bridging' after germination. These various 
factors would be expected to result in a firmer, less-extens-
ible overall association. A decrease in the doformability 
of the cell wall would be expected on biological grounds, 
because the period in which the alteration in visible form 
of the sail was most rapid was complete at the point 
at which cotyledons were taken for analysis (after 4 days, 
germination). In view of this correlation, it seems possible 
that poetic polysaccharidos are involved in the metabolic 
control of cell enlargement; their role could either be 
eontined to the middle lamella 1 , or be more general 
throughout the whole wall. The detailed chemistry of 
tim process is not yet clear, but the general factors that 
might apply are outlined in the first part of this article 
mid the evidence suggests that the chemistry is more 
complicated than has often been imagined in previous 
discussions. This function of the pectic polysaccharidos 
would not exclude the possibility that enlargement is 
dependent on other biochemical changes as well. 
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gram (Figure 1) with that published by Hullar (1963), 
suggests that beet araban is more heterogeneous than 
mustard seed araban, as might be expected on the 
basis of this discussion. 
Our genuine arabans differ in optical rotation 
from arabans that have been isolated with the aid of 
harsh methods. Our specific rotations are in the range 
—173 to _1800,  compared with the range —55 to 
- 100' for several samples that have been shown 
to contain other sugars (Andrews et al., 1959; Hullar, 
1963; Sengupta etal., 1965). 
When mustard seeds germinate, the araban in the 
cotyledons diminishes in amount and the degree of 
branching decreases (Rees and Richardson, 1966). 
The molecular weight and the molecular weight distribu-
tion would appear from the sedimentation diagrams 
to be little altered during this process. No partly de-
graded araban was detected after germination. It follows 
that if the change in branching is brought about by 
simple addition or subtraction of arabinose units, 
then all, or nearly all, of the araban molecules in the 
cotyledons must be affected equally to give a small 
average shift in molecular weight. The most likely possi-
bility is perhaps that the structural changes result from 
turnover of some or all of the araban molecules, rather 
than simple modification. It is also possible that the 
araban in the resting seeds is heterogeneous with 
respect to degree of branching and that the most 
densely branched molecules are selectively and com-
pletely metabolized during germination. 
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TABLE I: Physical Constants of Mustard Arahans. 
Sedimen- 
[]D Electro- tation 
(water), phoretic Coeffi- 
Sampled Deg Mobilityb cientc 
1 —176 2.2 1.32 
2 —180 2.3 1.23 
3 —176 2.2 1.41 
4 —173 1.9 1.24 
Samples 1-3 correspond to the sample numbers 
defined earlier (Rees and Richardson, 1966, Table IV). 
Sample 4 is the araban whose isolation by extraction at 
pH 4.9 is described in this paper. 6,u X 10 1 cm 2 v 1 sec' 
using 0.5 solution of araban in 0.05 M sodium tetra-
borate (pH 9.2) at 6.5 v/cm (current 16 ma). Ap-
parent s2o with a 170 solution of araban in 0.15 M NaCI 
at 334,000g. 
derived from one batch of seeds and samples 1 and 3 
from another. 
Discussion 
The araban molecule is evidently quite small (it con-
tains about 45 sugar units) and evidence from the 
sedimentation and electrophoresis diagrams, from the 
correspondence between the number-average and 
weight-average molecular weights, and from criteria 
used earlier (Hirst et al., 1965) would suggest that 
it is not grossly heterogeneous. Chemical evidence 
has been given previously that the araban does not 
contain a linear component (Rees and Richardson, 
1966). The apparent similarity of the arabans isolated 
before and after germination (Table I), however, 
shows that, as criteria of homogeneity, the sedimenta-
tion and electrophoresis diagrams are not sensitive to 
differences in degree of branching of the araban be-
cause it has been shown that these polysaccharide 
preparations differ quite markedly in this respect. It 
would therefore be unsafe to assume that individual 
molecules in a given araban preparation are nearly 
identical with respect to the degree of branching. 
Arabans which occur naturally as side chains in 
larger molecules and which are released as elimination 
products during extraction at alkaline pH appear to 
remain attached to segments of the original main chain 
(Rees and Richardson, 1966; Hullar, 1963; Barrett 
and Northcote, 1965). The proportion of sugars other 
than arabinose would therefore depend on the size of 
the side chain. The molecular weight of mustard seed 
araban is low enough for such a main chain segment 
to have been detected, even had it consisted of only 
one unit. This molecular weight determination therefore 
provides further evidence that mustard seed araban 
is not a degradation artifact. Barrett and Northcote 
FIGURE 1: Sedimentation and electrophoresis diagrams 
for mustard arahans. (A) Sample 2 (upper) and sample 
4 (lower); photograph after 98 win at 334,000g (17. 
araban solution in 0,15 M NaCl in 12-mm aluminium 
cell at 20°); bar angle 65°. (B) Sample I (upper) and 
sample 4 (lower); conditions as in A. (C) Ultracentri-
fugation of araban sample 4 under similar conditions 
to A and C but in a synthetic boundary cell (upper 
solution 0.15 M NaCI); photograph after 15 win; 
araban samples 1-3 behaved similarly to this. (D) 
Free boundary electrophoresis of 0.5 solution of 
araban sample 4 in 0.05 M sodium tetraborate (pH 
9.2); photograph is of the ascending limb after 178 win 
at 6.5 v/cm (current 16 ma). The araban travels 
from left to right as a negatively charged borate 
complex; araban samples 1-3 gave peaks that were 
exactly alike in shape (for mobilities see Table I). 
Sample numbers are defined in Table I. 
(1965) suggested that the parent pectins from which 
"araban artifacts" may be formed by eliminative 
degradation during extraction may have higher propor-
tions of covalently bound neutral sugars associated 
with certain regions of the main chain. It is therefore 
likely that "araban side chains" closely situated to 
each other would be released in attachment to the 
same main chain segment. This would account for 
the wide difference between the molecular weight of 
mustard seed araban (6 X 10) and that of Barrett 
and Northcote's araban formed by degradation of 
apple pectin (2 X 10 1 or more). The conditions for 
release of the araban in Barrett and Northcote's work 
(sodium phosphate buffer, p1-I 6.8) would have caused 
little degradation subsequent to the elimination reac-
tion. The much harsher time water treatment which 
is used in the preparation of beet araban would, how-
ever, be expected to cause further degradation of the 
main chain segment by "peeling" (Whistler and Be-
Miller, 1958). Partial or complete separation of the 
"araban side chains" from each other would occur 
and a product with a lower molecular weight would be 
expected. Reported molecular weights for arabans 
isolated by this and similar methods are in the range 
1-7 X 10 (Ingleman, 1945; Andrews et al., 1959; 
Hullar, 1963; Tomimatsu and Palmer, 1963; Sengupta 
et al., 1965). Comparison of our electrophoresis dia- 3109 
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ABsTRAcT: The molecular weight of mustard seed 
arahan, determined by sedimentation equilibrium and 
vapor pressure osmometry, corresponds to a molecule 
containing about 45 sugar units. Arabans extracted at 
different pH values, extracted from different hatches 
of resting seeds, and extracted from cotyledons after 
germination are all homogeneous and similar in the 
MUSUIrd cotyledons contain an araban which is 
considered to he a natural component of the plant cell 
wall, quite separate and distinct from the side chains 
of similar structure attached to the acidic backbone of 
a co-occurring larger polysaccharide (Hirst etal., 1965: 
Rees and Richardson, 1966; Gould et al., 1965). The 
araban diminishes in amount during germination, 
and undergoes changes in molecular structure (Rees 
and Richardson, 1966). In this paper, we report physical 
results which throw some further light on the changes 
during germination and which confirm that the araban 
is not a degradation artifact. The results make an 
interesting comparison with physical data published 
for arahans that are thought to he artifacts. 
Materials and Methods 
Most of the general methods have been described 
already (I-first etal., 1965; Rees and Richardson, 1966). 
A sample of arahan was extracted from commercial 
"White Mustard Seed Germ" (J. and J. Colman, Ltd., 
Carrow Works, Norwich, U. K.) using EDTA at 
pH 4.9, and purified by fractional precipitation with 
ethanol, acetone, and cetyltrimethylammortium hy-
droxide (Hirst ci al., 1965). After purification on a 
column of Sephadex G-15 and freeze-drying, the yield 
(2.5 g/kg) was only slightly less than had been ob-
tained by extraction at pH 7.5 (3.5 g/kg). The differ-
ence probably arose because extraction of other wall 
polysaccharides and of protein is more efficient at 
pH 7.5 and there is therefore better breakdown of the 
tissue which results in more efficient extraction of 
the araban. The product contained 100 arahinose 
* From the Chemistry Department, The University, Edin-
burgh 9, Scotland, U. K. Received July 7, 1966. This investi-
gation was supported by a grant under the Pioneering Research 
Program of the Institute of Paper Chemistry, Appleton, Wis. 
Some of the results have been mentioned in the context of a 
general review (Gould et al, 1965). 
ultracentrifuge and on free solution electrophoresis in 
borate. These findings confirm that mustard seed 
araban is not a degradation artifact of a large hetero-
polysaccharide, and show that the change in arahan 
structure which occurs with germination cannot take 
place by the simple addition or simple partial removal 
of arabinose units from a polysaccharide subfraction. 
and had [alt - 173 (water). Only arahinose was 
detectable after hydrolysis and paper chromatography. 
Other araban specimens and the methylated arabans 
were those used earlier (Rees and Richardson, 1966). 
Ultracentrifugation was with the Spinco Model E. 
Free solution electrophoresis was in sodium tetraborate 
solution (0.05 M, pI-1 9.2) using the Beckman H appara-
tus. A vapor pressure osmometer (Model 301A, 
Mechrolah Inc., Mountainview, Calif.) was used for 
determination of the molecular weight of the methyl-
ated arahan in benzene solution. 
Results 
Molecular Weights. The short-column technique 
in the ultracentrifuge (Yphantis, 1960) was used to 
determine the molecular weight in aqueous solution 
of the araban from resting seeds ("sample 1"). The 
value for 1 - p (where F is the partial specific volume 
of the araban, p is the density of the solution) was 
0.38. The molecular weights determined at 0.8, 1.0, 
and 1.2 concentrations were 6100, 5700, and 5800, 
respectively (essentially weight-average values). A 
number-average determination on the di-O-methyl-
araban (also "sample 1") by vapor pressure osmometry 
over a concentration range of 1-6 followed by 
extrapolation to infinite dilution gave a value of 7500, 
corresponding to a value of about 6200 for the parent 
araban. 
Ullracenlrifigation and Electrophoresis. The arabans 
isolated previously from different batches of resting 
seeds and from germinated cotyledons by extraction 
at p1-1 7.5 (Rees and Richardson, 1966) and the product 
of extraction with EDTA at pH 4.9 were similar in the 
ultracentrifuge and on free solution electrophoresis. 
Typical diagrams are shown in Figure 1, and the re-
sults of some measurements are listed in Table I. Most 
of the small differences in sedimentation coefficients 
may he related to the fact that samples 2 and 4 were 
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